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ABSTRACT 7Z 
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tests; content information describing the knowledge and skills needed 
to perform tasks correctly; and lesson plans. (JN) 
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PREFACE 



WATE R PURIFICATION, RiSTRIBUTION > AND SEWAQE DISPOSAL Is designed to B ' 
aid both the- technical instructor as a training manual and the Peace 
Corps Volunteer "as a field resource reference. We "hope that the man- 
ual will help kb turn out Volunteers who can perform effectively 1n 
the field. 

Each logical unit of Instruction 1s sub-divided Into the following 
categories: ■ „ 1 



OVERVIEW v - A statement summarizing the general significance of 
the material to follow, and points requiring special 
emphasis. 

OBJECTIVE - 'A definition of the goal to be achieved by the trainee 
for that unit of Instruction. " 

TASKS the steps to be followed. to accomplish the objective. 

FUNCTIONAL The knowledge and skills needed to be able to perform 

SKILLS the tasks. 

TERMINAL The means of evaluating the ability of the trainee to 

PERFORMANCE perform the skills needed to complete the- tasks in 

TESTS order to accomplish the i objective -. 

RELATED Content jhformatl brv describing the knowledge and skills 

INFORMATION needed to perform the tasks correctly. 

LESSON . Suggested guidelines for providing Instructional time 
PLANS for the essential areas Of each unit. 



Al though we have followed a typical pattern of presentation, offering 
logical units of Information, 1t is important to ke*ep in mind that the 
manual is to be used in preparing Volunteers for a program and pat no 
single unit can possibly stand alone. All are interrelated and need to 
be included 1n a systematic presentation. Its value as a refer mce tool 
will come after the skills have been learned and the Volunteer Us over- 
seas. Once in the field, the objectives and tasks can be used by the- 
Volunteer as ah outline description of how the project should proceed. 

During the early stages of the project, valuable suggestions and opinions 
were offered by VITA Volunteers, Robert Fortman. James Patterson, Morton 
Hllbert and Ramesh Patel . 

To Union College students Robert Okello and Richard Sack who collected, 
summarized, and organized the material into the manual's present format, 
a most sincere vote of thanks. Without their efforts, we would still be 
in first draft stages. 



For reviewing the final draft and -offering sound suggestions for improve- 
ment* Robert Ellis deserves a vote 05 thanks; \ 

A deep bow to Ethel Carlson, who managed to keep all the horses_pn the 
tracks and Barbara Ille^ who spehtfcroany hours trudging through first 
draft scratehlngs. *• ... £ - 

Special appreciation 1s extended to Messrs* Richard Will jams and MiJce 
Furst, United States Peaee Corps, and Ken Kal§, Executive Director, VIJA, 
Without their vision, support and encouragement, this manual would not have 
been written. 

Finally, "errors and oversights must.be credited to. . . 



Schenectady* New- York 
April 18, 1969 



Michael J. GlowacM 
Project Coordinator 
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SECTION 1 



■If 



WATER SUPPLY SOURCES 



OVERVIEW : 

The purpose of a water supply system 1s to distribute water to the locations 
where It is needed, A source of water must be found which 1s adeqiiatein 
quantity and qual ity. An uriderstand]\rig,of_the geological .properties, of . the 
earth is necessary to recognize and evaluate the potential sources of water 
for this system. 

■ * 

This section Is planned to farnillari zq. the student with these basic geologi- 
cal properties. Also included is Information on making topographic maps to 
aid in this .evaluation:, this background, knowledge 1s_ then_u$ed_ to describe, 
water sources and how they can be develdped to provide potable and palatable 
water for distribution by the water supply system. 

The learhingactivl ties in this section are primarily field exercises. The 
trainees will be in the field seeing actual examples of water sources. They 
will examine, samples_pf the various rock types. __The; emphasis should be on 
individual participation. It is only through this ex that a trainee 

will be able to again recognize suitable sources when he is overseas. 



-2- 



WATER PURIFICATION, DISTRIBUTION, AND SEWAGE DISPOSAL 



WATER SUPPLY SOURCES AND TREATMENT 

SECTION 1: WATER SUPPLY SOURCES 

OBJECTIVE: Locate and identify water supply sources and 
determine potential feasibility as village or 
rural water supply sources. 

TASKS: 1; Procure existing topographic maps and sketches 
of the area arid consult people with a knowledge 
of the same Information ontthe types and loca- 
tions of the sources. 

2. Determine the location of any 1akes\or ponds, 
cisterns, springs, rivers, or wells Srf th re- 
spect to the community. \ 

3. Identify any lakes, ponds* rivers* springs* 
wells* or cisterns. 

4. Roughly sketch tlie topography between the 
sources arid the community. 

5. Plot the location of any housfs* livestock, 
grazing areas, privies, etc, on an existing 
map or a simple sketch map. 

6. Estimate by means of field determinations 
and past records the amburit. arid the variation 
in the amount of water available from each 
source. 

7. Icleritlfy the natyre arid quaritlty of 
physical, bacteriological, and chemical 
pollutants *of each source. 

8* Identify the extent to which any developments 
would improve the quality or quantity of the 
various potentially productive sources. 

9. Detenrtirie the cost of developments for each 
potential source. 

FUNCTIONAL SKILLS: 

1. Interpret ari«J make simple topographic maps. 

2. Use a compass. 

3. Identify ^the various types of water supply 
sources. 
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HATER SUPPLY SOURCES (coifit.) 



1. 

2. 
3. 
4. 

5'. 
6. 
7. 



Identify the basic rock arid soil types 
arid know the hydrologlcal properties of 
each. 

Know what factors, Influence the quantity 
of a given water supply source. 

Know wha t_ factors ^fn^ueTCe^the ^aftty 
of a qiven water supply source. 

Identify physical pollutants (the extent 
of chemical and bacteriological pollution 
will be determiried by laboratory analysis) . 

Identify what developments can significantly 
reduce .-pollution or improyethe yield of the 
various water supply sources. 



L1$t the relativecosts of various types of 
source developments. 



Given a compass, draw a simple topographic 
map of any prominent topographic features 
such as a hill . 

In a field exercise, correctly identify 
the various types of water supply sources. 

Correctly identify the basic rock and soil 
types . 



Correctly list the factors which Influence 
the quality arid quantity of a given water 
supply source, and the extent that each 
factor influences that source as a water 
supply consideration. 

Given a number of water samples, correctly 
identify all physical pollutants present in 
each sample. 

Opposite each type of water supply^ source, 
correctly list the developments that may 
improve its quality or quantity. 

On a written examination list the relative 
cost of given tybes of source developments. 
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HATER SUPPLY SOU RCES AND TREAT MENT 
WATER SUPPLY SOURCES 

BACKGROUND INFORMATION 
TOPOGRAPHIC MAPPING 

Tn planning a water distribution- or sewa ge disposal system, the 

~ 1 ayoiit Tlif~tfie~cbnfnun1 ty"wTtnrr«pect tcr any-water_sup^Ty-s^urces 

must be mapped. When no maps of an area are available, _crude 
sketch maps are sufficient. Such maps shouTd indicate the 
approximate placemerit_bf _any_man-niade structures* Tivestock 
grazing areas, water supply sources, and disposal systems. 

Topographic Contouring 

A topographic map is a means of illustrating, through the^ 
use of contour lines, the shape of the ground surface. This 
exercise involves the determination of grourid_ relief (topography) 
from points whose elevations above sea level are known, 

the method is called "contouring from spot elevations". The 
data might have been bbtair.ed_by_surveying with a plane table 
and alidade, although modern topographic maps are made much 
more easily and accurately by the stereoscopic plotting of 
airphoto information. 

Rules and hints in topographic contourinq. 

1 All points lying on a contour are of the same ilfvatipn 
above (or Below) a reference point. However, one contour 
need hot satisfy alV CTe points of equal elevation; ^eg. 
adiacerit_hilltops"o7 similar relief might require sepa- 
rate, closed contours each shbwing_comparable levels. 

Some contours mav be cut by the edges of the map and appear 
to be discontinuous but if. the map be made large enough 
every contour eventually closes on itself, becoming con- 
tinuous. 

2 With rare exceptions, the_contour Interval Is constant for 
the map area and is defined as the vertical dlstancebe- 
tween successive contours. The contour interval is stated 
as part of the scale of the map so that the vertical dimen- 
sion of the contoured surfacebas Identity. Ten-foot^ 
twenty-foot^ fifty-foot and 100-fbpt Intervals are common. 
The interval is selected to best show the shape of the sur- 
face at the desired horizontal scale w1thout_requir1ng^an 

% unnecessary, unreadable number of lines. The relief of^the 
area to be mapped also Influences the choice of the contour 
Interval . 

3. Contours do not cross. Such a situation would Illustrate 
an Impossible ground surface shape. Contours are closely 
spaced on steep slopes, and distantly spaced on gentle 
slopes. 

15 
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4. 



Closed depression contours are hachured on the lower 
s1de._ They are used when all points within the line 
are below the level of the _]1ne._ Obviously they are 
only required to show depressions which are completely 
surrounded by high ground. Sullies and river valleys 
are not usually closed on the downstream side and 
therefore are hbtJllustrated by depression contours^ 
A depresslon contour takes Its value from that of the 
lowest, topographically adjacent regular contour. 



In contouring gullies and valleys, the contours vee 
In the upstream direction. Becafeful to confine the 
stream to the lbwestpart of Its valley by passing 
the stream through the notch of the vee. 




Fig. 1 Contour Lines 

Contours are broken where numbering 1s necessary, to 
Improve readability. 

6. The use of some degree of "artlstlc.llcens^lsrecpm- 
mehded 1n contouring. __Dp_npt attempt to just satisfy 
thf poiht data. Try to make the trend of a contour 
reflect the trend of Its neighboring contours. 




Tunnel 



L -i . I 



Strrama 
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Private road 
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Mine or quarry 



Intermitlrnl -- 
ftlmmi 



IWnch mar* 



\-/ m U r 



Trail 



Howl* and 



SUtc line 



Lake or pond 




Countour line* 




i i 



Church School 



(ounljr line 



Inlormiucnl loki 




F1g. 2 Symbols for Topographical Maps 
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Fig. J CONTOURING FROM SPOT ELEVATIONS 

C 




1. Draw and label the contours every 100* (300, 400', 500, etc.) 

2. Indicate with dashed line a divide; with dotted line an area of future 
stream capture. Label the highest point A, the lowest point B. 

3. Distinguish areas of high and low stream gradient* Indicate direction 
of flow of streams. 
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Gehera 1 

In making a erode topographic sketch very little attention should 
be paid to detail . Scale can be determined by pace, and direction 
by a compass. Periodic sighting of a i_d1staht object In. a path and 
determination of its position relative to a present mark will serve 
for proper orientation. 

Determining Pace? 



tay out a one hundred foot interval on level ground, art uphill, 
and a downhill slope; If only a foot ruler Is available, this may 
be used to mark out three or four feet on a sticky and this stick 
in. turn used to nieasure the 100 _fe|t.__Be1hg_careful to work nor- 
mally* the map maker then determines the number of . paces over the 
100 foot interval for qach slope. By division* it Is then possible 
to finda number of feet in an average pace for uphill, level, and 
downhill slopes. 


faking Bearings with the Compass 

A bearing is the? compass direction from one point to another. A 
. bearing is always in a unidirectional sense; for example, If the 
bearing from A to B is N30W, the bearing from B to A can only be 
S30E,. To read accurate neaM rigs, three things must be done; {1} 
the compass must be leveled, (2) the point sighted mustfce centered 
exactly in the sights * and J3J the needle must be brought to rest. 

In a sketch map^ contours are used only to show the relative dlffer- 
ericeMrv elevation arid rthe nature of ^ the- topography. - H- Is unneces- 
sary to know the elevation of a given contour or to cohnect all of 
them. Contours can be drawn arbitrarily to Indicate that a hill 1s 
steep^ a stream riins in a given direction* the ebninuniiy is uphill 
from a water source, etc. A realistic sketch ijnapcaOl drawri_by__ 
estimating the relief of an area around a point and then proceeding 
to a point oritfie periphery of this area. Plane table mapping may 
prove more adequate when more detailed maps are required. 

Map Making Using a Plane fable 

A description is given for the construction of serviceable maps 
using a plane table. Such maps are valuable for Irrigation, drain- 
age and village layout plans. 

Tools and materials needed are: 

... - Piane fable 
Paper. 
Pencil 
Ruler 
Pins 

Tape measure (optional) 
Spirit level '(optional ) 



is 



The first step Is to decide on ascalffbr the map. This is 
determined by judging the longest distance to be mapped and 
the size of the map desired. It should be noted. that _ the 

map does not have to be made on_a single sheet of paper but 

canbe spliced together when completed. As an example. If one 
wanted a man 2 1/2- feet long to portray an area whose major 
distance Is 1/2 mile, 264Q_feet, then a scale of 166 feet to 
the inch would be convenient, 

Taper should be placed_pri_the plane tableTnd, the plane table 
oriented on or near some principal feature of the map, thatis, 
a path, road, creek street, etc- A_p1h_ should then be placed 
vertically in the spot pnthe finished map where. this location 
Is desired. The plane table should be made level -by use of 
a spirit level, if available- The_table_should be rotated to 
a prbper_orientatipn,^that_1s,.sa that^the diction will ap- 
pear on the finished map 1n:the desired way,__Hpw_ sight along 
the first pin to another principal feature which is visible 
from thetable location (a bend in the road* a hill orany ___ 
feature that wit! tie the map together), moving_the second pin 
into the line of sight. A_ruler_may be used for this purpose 
if it has a sighting edge or even a couple of pins stuck Into 
it. Now draw a line In the direction. defined by the two pins. 
Measure the distance to_the feature observed either by pacihg 
or with a tape. Scale- this distance along the l_1he_drawn i _ 
starting at the initial pin. Repeat this process for other 
priric1pal_featuref which may be seen from this location. When 
this has been done, move the table to one of the points just 
plotted, selecting one which, will enable you to moveover 
the territory in a convenient fashion. For example - % follow a_ 
lane or creek or some feature which, ties things together. Set 
up the plane table bver_th1s_ppint and reorient the table. Do 
th1s_by putting pins into the map at the present ahd_ previous _ 
locations. Next rotate the table so that the pins line up with 
the previbusjbcatipn. This procedure in fact locates the line 
joining the two locations on the map in the same direction as 
the line exists in nature. Again from this new location jnap 
in the desired features which can be conveniently sighted. 

In this way the eritire_regipn to be mapped may be covered in a 
systematic way. If gaps appear or If more detail is needed, 
you may go back and set up over some mapped feature, reorient 
the map by sighting on a second feature, and proceed to map in 
the detail. 

An alternate procedure may Re used ih mapping featyre|_whlch 
are not going to be used as plane table locations in the map- 
ping process. This involves drawing a line In the. direction 
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$f each feature from two plane table; locations. _The Intersection 
of these two lines corresponding to a single feature locates the 
feature on the map. As a result this avoids the necessity for 
measuring distances. Note* however* that 1t_ Is imppsslbleto 
avoid measuring the distances between plane table locations. 

If a spirit level is available* 1t 1s possible to level the 
plane table accurately* and using a ruler or other sighting 
device, relative elevations may be plotted on the map. A stick 
-frbotrt- six or e i g ht fee t l o ri g ~sh b U1 d be-markedroff in 1 richest *nd 
the person holding the stick vertical ly can, by moving his fin- 
ger, identify to the person sighting* the distance up from the 
ground through which the line of sight passes. 



ROCK FORMATIONS AND THEIR WATER-BEARING PROPfcRTIFS 

The rocks that form the crust of the earth are divided into three 
classes: ' 

Ighebus--rbcks"wh1ch are derived from the hot magma deepen the 
earth. They include granlte arid other coarsely crystal line rocks * 
dense igneous rocks such as occur in dikes arid sills, basal tj arid 
other lava rocks, cinders* tuff* and other fragmental volcanic ma- 
terials. 

Sedimentary— rocks which cbrislst of chemical precipitates and of 
rock fragments deposited by water, ice, or wind. They Include de- 
posits of gravel, sand, silt, clay, and the hardened equivalents 
of these--cbriglooicrate* saridstbrie, siltstdrie, shale, limestone, 
arid deposits of gypsum and salt. 

Metam6rphic--rbcks which are derived frpm^bpth igneous^nd sedi- 
Itientary rbcks through considerable alteration by heat and pres- 
sureat great depths. They include gneiss* schist* quartzite, 
slate, and marble. 




Fig. 4 PLANE TABLE MAPPING 
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The pores 3 joints* and crevices of the rocks In the zone of saturation 
are generally filled with water; Although the openings In these. rocks 
are usually small, the total amount of Water that rah be stored in the 
subsurface reservoir .of_the._fdck foraat1qns_1s large. The_mpst prp^__ 
ducttve aquifers* are deposits of clean, coarse sand and gravel : coarse 
porous sands tones; cavernous limestones; and broken lava rock* Some 
1 lines tones * however, arevery derise_ahd_uhprbduct1ye._ Hps t_of_the_ Ig- 
neous and metamorphic rocks are hard, dense, and of low permeability. 
They generally yield small quantities _bf water. Among the most unpro- 
ductive-format i ons _ ar e ^tft e^i Hs~and 1?1 ays^ — The-openings" trr these ma"- 
terials are too small to yield water, and tlie formations are structur- 
ally too incoherent to maintain large openings under pressure. Com- 
pact materials hear the surface* with open joints similar to crevices 
in rock, may yield small amounts of water. 

EXAMPLES OF MIXED ROCK 



Medium sand with fine gravel, gray Fine gravel . . 2025 

Coarse sand* gray 30% 

Medium sand^ gray 40% 

Fine sand, gray 10% 

Medium gravel with coarse sand, brown Coarse Gravel, brown 20% 

Medium, gravel* brown 30% 

Fine gravel* brown 20% 
Coarse sand, brown » 20% 

Medium sand, brown 10% 

Clay with sand and fine gravel, blue Fine gravel., gray 5% 

Coarse sand, gray 5% 

Medium sand* gray 10% 

Fine sand, blue 20% 

, Clay, blue 60% 



Ttre nomenclature used in conso 1 1 da ted sed 1 men ta ry rocks 1s very similar 
to that used for the unconsolidated rocks, the fotlowirTg^names should 
be applied to the consolidated equivalent of the eight classes of un- 
consolidated rocks. 

" * . *• 

Name of unconsolidated rock Name of consolidated equivalent 



1. Boulders 

2. Coarse gravel 

3. Medium gravel 

4. Fine gravel 

5. Coarse sand 

6. Medium sand 

7. Fine sand 

8. Clay ~ 



Boulder conglomerate 
Coarse congfomrate 
Medl urn cqngl omerate 
Fine conglomerate 
Coarse sands tone 
Medium sandstone 
Fine .sandstone 
CI ays tone 



* A formation, group of formations, or part of a fprmation that is 
water belling. 



TABLE 1 



UNCONSOLIDATED MATERIALS 



Classification 



Grade Name 



Particle Dimensions** 





Very large boulders 
ka rge_Duu i uers 
Medium boulders 

Small boulders 
Large cobbles 


2048 to 4096 80 to 160 
lnba tn ?n£ft AC\ tn ftri 

512 to 1024 20 to 40 

256 to 512 10 to 20 
128 to 256 5 to 10 




64 to 128 2.5 to 5 
32 to 64 1.3 to 2.5 


GRAVEL 

✓ 


Small cobbles 
Very coarse pebbles 


Coarse pebbles 
Medium pebbles 


16 to 32 .6 to 1.3 
8 to 16 .3 to .6 


_F1he pebbles 
Very fine pebbles 


4 to 8 .16 to .3 
2 to 4 .08 to .16 


SAND * 


Very coarse sand 
Coarse sand 


1 to 2 
.5 to 1 


neuium sanu 


-25 ta 5 


Fine sand 
Very fijje.sahd 
Coarse silt 


.125 to .25 
.062 to .125 
.031 to .062 


CLAY AND 
SILT 


Medium silt 
Fine silt 
Very fine silt 
Coarse clay 

Medium clay 
Fine clay 
Very fine clay 


.016 to .031 

.008 to .016 

.004 to .008 \ 

.002 to .004 

.001 to .002 
.0005 to .001 
00024 to .0005 



Name to be 
Applied in 
Logging a 
Water Wells 



Boulders 



Coarse 
Gravel 



Medium 
Gravel 



Fine 
Gravel 



Coarse 
Sand 



Medium sand 



Fine sand, 



Clay 
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Fig. S 



NOMENCLATURE OF UNCONSOLIDATED ROCKS 



! 

) ----- 

, 5 Inches or greater 
in diameter 


■ ■■ ' 




i 

i 
i 

i 
» 

1 3 







MOULDERS 



2 1/2 tp 5 inches 
in diameter 



COARSE GRAVEL 




COARSE SAND 




MEDIUM SAND 



"7. . ■ i 



.*""V." — 



MEDIUM GRAVEL 



FINE SAND 



J — 



Coarsest particles 
barely visible 



FINE GRAVEL 



CLAY 
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Sedimentary rocks and volcanic rocks are sometimes Interbedded with 
strata of volcanic ejecta. Some of ihese_strata have been deposited. * 
by water and others by direct air fail. The terms "pumice" and "cin- 
ders" should be used to describe these materials,. 

Pumice A very light, excessively cellular ^volcanic glass A _ Its 
color 1s -generally light gray or white and Is often so 
light that It will float bh water. 

Cinders Uncemented glassy and vesicular ejecta from a volcanic 
€ ctme. Generally black or red in color. In logging a 
well penetrating intdftrata of cinders, the cinders 
should be also described by color and degrees of coarse- 
ness. 



MISCELLANEOUS TERMS RELATED TO SEDIMENTARY ROCKS: 



Caliche 



Chalk 



A hard lime deposit generally found in the soil zone 
in arld^reglons. It Isusually found in layers rang- 
ing from a few inches to a few feci in thickness. 



A soft, whitetg gray, fine-grained limestone. Often 
incorrectly used on well logs to describe diatomite. 



Diatdmite A sof* white to gray , fine-grained rock composed of 
the siliceous shells of diatoms. 



Dirt 



Gumbo 



Hard pan 



Loess 



Mud 



Quicksand 



A tgrffi used by many well drillers' to describe the soil 
zone. The term "soil" with adescrf ptive adjective as 
"gravelly soil" or "sandy soil" is recommended for use 
bh well logs. 

c 

A term applied by some well drillers tg_a soft sticky 
clay ? _ The term "soft sticky clay" Is preferred for 
use on well logs. 

A term that has been applied to many hard impermeable 
rocks including glacial sill, caliche, conglomerate, 
claystone, and sandstone. The term should never be 
uspd on a well log. 

Wind deposited material composed .chiefly _of_ijlt but 
may contain subordinate amounts of very fine 3 sand and 
clay.- Loess should generally be reported as clay on 
a well log. 

A- term used by many well drillers to defer 1b|__sOft __ 
clay or silt. The term "soft clay" 1s preferred for 
use on well logs. 



A term often applied to "running" or "heaving" sand. 
The terms "finesand^ waterbearing" or medium s& rid* 
waterbearing" is preferred for use on well logs. 
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Shale A laminated claystone. As laminations are not generally 
discernible. In drill cuttings, the term "clays tone" 1s 
preferred for use on well logs. 

Slate A metamorphlc rpckpossesslng a very well developed platy 
cleavagef The term has been used- by many wel^ drillers 
to describe a "hard claystbheV It 1s recommended that 
this term not be used to describe sedimentary rocks but . 
restricted to true slates. 

' POROSITY AND PERMEABILITY 

Porosity is essentially the qapacity of a rbck or sedfmerit tb.cbntajri 
water. It can be measured as the tptal volume of a rtwrterlar that 1s 
void spacer Permeability is the capacity of a rock or sediment to 
transmit water. Permeability is measurable as the quantity of water 
fldwing through a given crbss-sectlprialareaper unit time. Permea- 
bility isdlrectly proportional to grain siie^ Thus clay, which has 
a high porosity, has a very l^fB^rmeabillty Bfccause 1t 1s fine 
grained. ' 

The following figures indicate the pbrbstiy of common soils and rocks: ^ 

Saftd and gravels of fairly uniform size 35% - 40% 

and moderately compacted 

__: "« 

Well-graded and compacted sands and 25% - 30% 
gravels 

Sandstone ■ . 4% - 30% 

Chalk ' 14« - 45% 

« _ • 

Granite, scfilst, and gneiss 0.02* - 2% 

Slate and shale 0.5 % - S% . 

Limestone _ - 0.5 % - 17% 

• 

Clay ; * 44% - 47% 

Topsoils > 37% - 65% 

Silts may be ats high as_8p£ porosity In general, soils with fine, 
separate particles, such as clay; to,>soil, and silt, have a very high 
porbsity* In other words* they have a big* volume 1ri which water can ^ 
be stored. - ^ 

EVALUATION 0F SOURCES ' s ( 

THE QUALITY OF WATER, 

Absolytelypure water Is never found in nature. The Impurities in water 
vary from dissolved gases and chemlal compounds to suspended ^tter 
such as disease organisms arid dirt, *h1le some of these Impurities 
can be seen by the naked eye and others can be detected by taste or odor, 
most can be detected only by laborato y test, ' 



Water takes on various characteristics a<nd properties as It passes 
over arid through the earth. These characteristics and properties 
vary, and are dependent on the /materials Ihcouritered. They may be N 
classified according to means of detection as physical (detected by 
• one or more of, the five senses) and chemical (detected by chemical 
.analysis). The _mpst^1mpprtant_phys1ca^ are turbidity* 

^color, odor, taste and temperature. The most Important chemical char- 
acteristics are acidity; alkalinity* hardness, and corroslveness. 
Sometimes these two v tyges_ of character istlcs overlap; for example* iron 
In water Is a dissolved mineral detectable by chemical analyilSj yet 
Its color and taste are also physical. This section discusses these 
characteristics and their causes. 

BACTERIOLOGICAL QUALITY ' • 

The selection of a source of supply may be restricted because pfeco- 
nomic or technical limitations Involved In the use of .normal water- 
treatment, processes for making the water from this source safe for 
human consumption. ^ 

** 

The effectiveness of a water-treatment process can not be established 
1n specific, quantitative values. For Instance, the bac^iolpglcal 
quality of filtered, chlorinatedwater is dependent upgn the bacterial 
content of the raw water; ,its chlorine demand; the coagulating, settling 
and filtering characteristics of the _treatment_plant;_the degree of _ 
uniformity of_ the raw water; and, not least, the integrity- and ability 
of the treatment plant operator. Furthermore, the public health signi- 
ficance of the degree of bacterial pollution of raw water, and henc^ 
of any bacteria remaining in the treated water produced., depends .upofi 
the probable source of cohtami nation of the raw water with coliform ' 
organisms, which serve as anicdlcator of pollution. These organisms 
may have originated largely from surface drainage, a situation likely 
to be most noticeable when manured .fields are found within the watershed 
involved. On the other hand, sewage pollution may be the chief source 
of such organisms, in which case the incidence of intestinal diseases 
among the population contributing the sewage would have ammarked impact 
on the watery In this case the probable ratio between_the numbers of 
pathogenic organisms and of coliform bacteria in the polluted wajter' 
will be considerably increased. Such conditions are often encountered' 
in rural as well as *sem1 -urban areas where_intest1naj diseases constitute 
a serious public health probl em ? the i treatment "df. the sewage is pot prac- 
ticable, and effective water-treatment 1s beyond the economic and tech- 
nical resources available. 

For these reasons, ariy .bacteriological standards of quality adopted 
for drinking-water on a country-wi^e basis* generally, appear to be 
too rigid for large areas where, because of economic and social con- . 
dltidns, theyarempltd 

must be reckoned that the adoption under these circumstances of more " * 
lenient standards - f betause they a^ear to be morp-^seajjstic^ only 
cpnfuse_th£ issue bj lowering the goal of safet^and g^blllty wlthput 
prQviding a meaningful substitute. Instead, it is preferable to keep 
the pubTlc health objective; of the water supply constantly in mind* 
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but to appraise local situations and review pertinent Information 1n 
the light of qualified professional Judgement. In^many cases i there- 
fore H II belt for you to rule out the use of many surface waters 
which might appear to be suitable and convenient sources of potable 
water supply, and to throw considerable emphasis _upon the use of 
ground Waters whenever feasible. 

The above statement should hot be Interpreted to mean that surface 
waters . because of bacteriological considerations, are unsuitable 
sources of supply for rural communities. This would be far from the „ 
truth. In fact* the use of surface waters often makes 1t possible to 
provide consumers with ample quantities of water 1n their own homes, 
thus fulfilling most of the major health objectives of the systems. 
In some Instances this 1s achieved by passing surface water through a 
simple and economical treatment plant. In most rural situations such 
a system may be considered as a step 1n the right direction, and 1s 
to-be preferred to the appalling conditions under which the villagers 
are forced .to carry, or even to purchase, small amounts of raw and 
polluted water.' As time goes on, public pressure, technological ad- 
vances, and the development through training of local skills, will 
gradually bring about the' Improvement of pSaht efficiency, operation 
and technical supervision to a point where the enforcement of existing \ 
standards of water quality may be possible. 

It 1s necessary and desirable to establish some form°of control over 
rural water-supplies. However, 1n most countries of the world, routine 
bacteriological control, which is obligatory In urban communities, 
would be unrealistic under rural situations, as Indicated by the above 
discussion. In the latterj the attention o# the local health adm1n-_ 
i strati on should be concentrated primarlj^on those major elements of 
location and design of the supplies whlrfT will afford natural protec- 
tion later against- outside cohtaffifnlrfTon, and on routine sanitary in- 
spections by qualified sanitarians, to. educate the rural population 
in the application and enforcement of rural sanitation regulations.. 
Periodically tests for physical, chemical, and bacteriological quality 
should be jnade for the purpose of-detecting major health hazards. 

Bacteriological Standards for Drinking Water Recommended by the 
- WHO Study Group 

Some public dr1nk1ng"£ater supplies are chlorinated or otherwise ' 
disinfected befora being dlstribated; others are not, ..Effective, 
chlorlnatlon yields « water which 1s virtually free from conform 
orqanlsms i.e. these organisms are absent 1n 100-ml portions; 
if communal supplies .?hich are distributed without treatment or 
disinfection cannot be maintained to the bacteriological standard 
established for treated and disinfected water* steps should be 
taken to institute chlori nation or disinfection! or other treat- 
* . ment, of these supplies. _ 

A standard demanding that col 1 form organisms be absent from each 
100-ml sample of water entering the distribution system--whether 
the water be disinfected or naturally pure— and from at least ?ox 
of the samples taken from the distribution system can be, applied 
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In many parts of _the_world. Although there 1s no doubt that this 
Is a standard that -should be. aimed at everywhere, there are many 
areas in which the attainment of such a standard 1s hot economi- 
cally or technically practicable. 

In these circumstances there Would appear to be economic and 
technical reasons for establishing different bacteriological 
standards for public water-supplies which aretreated or. disin- 
fected and for those which are hot treated... The-_fd]low.1ng._bac-_ 
teriolpgical standards_are_recomm^ 

supplies of present use throughout the world, with. the hope that 
improvements in economic'and technical resources will permit stric 
ter standards to be adopted in the future. 

The standards described below are based on the assumption that 
frequent samples of water wi]] be taken. . . For each individual 
sample, co Inform density Is estimated in terms of the "most 
probable number (MPN)" in 100-ml of water, or "MPN" Index... 
The use of the MPN index Is recpfrtnended as the basis of quanti- 
tative estimation of coliform density after full recognition of _ 
its limitations. However, the value of the index is sufficiently 
enhanced by_ the us|_ of _data from aseries of samples to warrant 
its use in the recommended standards. 

Treated Water 

Si 90% of the samples examined throughout any year, coliform 

bacteria shall not be detected or the_MPN_inclex of coliform micro- 
organisms shall be less than 1:0. None of the samples shall have 
an MPN index of coliform bacteria in excess of 10. 

An MPN index of 8-10 should not occur in consecutive samples. 
With the examination of five 10-ml portions of a sample this 
would preclude three qf_the_five 10-ml portions ( an Mp N index of 
9.2) being positive in consecutive samples. 

In any instance in which two consectuive samples show an MPN 
index of coliform bacteria inexcess of 8, an additional sample 
or samples from the same sampl1hg_ppiht_shquld_be_exa^^ 
put delay. This is_the minimum action that should be taken. 
It may also be desirable to examine samples from several points 
in the distribution systeiii_ahd_ tt_SUpplemnt_tKe$$_9lth_sai^les 
col lected.f ram sources, reservoirs, pumping stations and treat- 
ment points. In addition, the operation or all treatment pro- 
cesses should be investigated Immediately. 



Untreated Water 

In 90% of jthe samples examined throughout any year, the MPN index 
of coliform micro-organisms should be less than 10. None of the 
samples should show ah MPN index greater than 20. 

An MPN Index of 15 or more should not be permitted 1n consecutive 
samples. With the examl nation of five 10-ml portfbns of a sample, 
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this would preclude four df_ the five jO-ml portions (an MPN index 
of 16) being positive in consecutive samples* If the MPS Index ^ 
is consistently 20 or greater § application of treatment to the 
water-supply should be considered. 

In any Instance in which two consecutive samp] |s shpw an MPN Index 
of conform organisms greater_than 10; an additional sample or 
samples from the same sampling point should be examined 1mmed1-_ 
ately. It may also be desirable to examine samples from several 
points in the /distribution system_and to supplement these wi th 
samples collected from sources, reservoirs and pumping stations. , 

When accurate and complete data concerning the sanitary conditions 
at the sources of an untreated water-supply, covering all possible 
points, of pollution, are available and Indicate that ihdices hlgh- 
er than the established max1mum_may bear little relation to poten- 
tial health hazards, the local health and water-supply authorities 
should be responsible for ruling that such higher Indices do not 
constitute need for treatment of the water. 

CHEMICAL AND PHYSICAL QUALITY 

Watlr/of gddd chemical I and physical quality is necessary from the 
points of view of its acceptability by the people, the protection of 
the health of the consumer, and the /conservation /of the water system. 
Anyone whdhas drank water from different sources encountered situa- 
tions in which offending chemical substances have made a water source 
unacceptable even though its bacteriological quality was excellent. 

Palatability of water is a term which describes the charactlristlc of 
being pleasing to the sensf of taste. _ Drinking water should be free 
from color, turbidity, taste, 'and odor, and. should be cool and aerated. 
At least four human perceptions can be i used in Judg1hg_these_gual1t1es. 
They are the senses of sight (color and turbidity), taste, smell (odor), 
and touch (temperature). However, palatable water is hot always safe 
to drink or potable. 

Jurbidity and color are important in rural water-supplies. Depending 
upon the character of the watershed * turbidity may yary/cdhsiderably_ 
from one season to Stidther because of rainf all . A sudden increase in 
turbidity may do. serious damage, or at least stop the operation^ of 
small water-treatment. pi ants if adequate precautions, are hdt_taken In 
advance in order to. al 1 Bw_fdr_ reject 1on_of_the_ incoming supplies at 
such_ times. Water "from slow-moving streams and sma'M lakes is likely 
to be colored, at least during certain seasons of theyear. Both tur- 
bidity and color will cause discoloration of clothes and may be respon- 
slblefpr rejection of the supply if removal by simple and economical 
processes cannot be achieved. 

CORROSION AND SCALE 

Hydrogen sulfide* dissolved oxygen, and carbon dioxide in water cause 
acidity and are responsible for corrosion of iron pipes. Hydrogen __ 
sulfide, which Is sometimes found in deep-well__water, is a product of 
decomposition of organic matter. It attacks cement and concrete and 
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destroys storage tanks built bf_these_materials» Dissolved oxygen 
combines with ferrous Iron, which Is sometimes found In solution in 
well water* and produces ferric hydroxide, which is insoluble and 
gives the water a rusty color. It may also cause serious corrosion 
of distribution pipes and house plumbing pipes. 

Perhaps the most Important and troublesome of the three products 
mentioned here is .carbon dioxide, which is often found in well water 
and in' surface water drawn from heavily wooded watersheds or from 
the lower layers of deep ponds. Carbon dioxide in water is respon- 
sible for heavy and rapid corrosion of unprotected _pipe|j_thUs crea- 
ting increasing difficulties with maintenance and operation of a water 
system. Various materials, mostly bituminous compounds and cement 
are qsed by manufacturers for lining the Interior sUrfacfs of pipes 
against corrosion. These materials are also used to protect outside 
pipe ^surfaces against corrosion caused by the contact of pipes with 
certain soils and, under certain circumstances, by electrolysis. 

Natural water containing carbon dioxide will dissolve carbonates from 
rocks in the ground, thus producing soluble bicarbbriates. Depending 
upon the relationships between the bicarbonate alkalinity and the pH 
of the water on the one hand, and between the free carbon dioxide and 
the alkalinity on the other, the water will either be corrosive or, 
on the, contrary, will deposit a film of carbonate on. the inner sur- 
face of pipes. This film may som times develop sufficiently to become 
3 L_th1ck_scale which obstructs fmall distribution and service pipes* 
water meters, etc. The prevention of corrosion and scale rests upon 
the chemical control and maintenance of the proper equilibrium between 
the three factors^ the content of carbon 

dioxide or increasing the alkalinity as* determined by special tests,. 
Except in rare instances, this type of chemical control is beyond the 
technical resources of small rural water-supply systems arid* therefore* 
will not be discussed here, in greater detail. 

TURBIDITY | 

Turbidity is. a muddy or unclear condition of water, caused by particles 
of sand, silt, clay, or organic matter being held in suspension. The 
faster water flows, the more material it picks up and the larger the 
size of the 'pieces carried along. As water shows down, the larger part- 
icles settle out. Clay and silt remain suspended in water longest* 
because of their particle size and specific gravities. 

COLOR 

Color in water is due to the presence of colored substances in solution 
such as vegetable matter, dissolve and_ 1 eaves - % and to humus 

and iron and 'manganese salts, true color is due to substances in Vcxi* 
solution; apparent color includes true color and also that due to sub- 
stances in_suspensipn. Water taken i f rom swamps, _weedy_ lakes* arid 
streams containing vegetation is most likely to be colored. Color may 
also be causejd by industrial waste* and turbidity. The latter is re- 
sponsible fori an _apparerit_cpl or/ rather than i the true_co]prj_arid_1s 
caused by materials of vegetable origin. Color as such is harmless, 
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but objectionable due to its appearance arid to the taste and odors 
sometimes associated with it. 

ODORS AND TASTE 

Taste and odors found 1n>water are most commonly caused by alga (m1n-. 
Ute water plants), decomposing -organic matter, dissolved gases, or 
industrial waste. Mineral substances may also be a cause. Potability 
is not normally affected by the presence of odors and^ tastes. Qnjhe. 
other hand, palatability is frequently affected, particular y when a 
substance such as bone or fish oil 1s present. Water containing one 
of these substances in noticeable quantities is unpalatable. Tastes 
and odors which make water unpalatable must be removed. Use of free 
available chlorine and activated carbon, will do much to prevent odor- 
ous combinations of chlorine With organic impurities in water. 

TEMPERATURE 

Warn, water tastes flat, towering the tem P e rt tur ^ 0 ^?^ v SUp ?: e ?hp S 
odors and tastes and, therefore, increases its palatability. in the 
summer the temperature of deep lakes and reservoirs d " re "« sharply 
from top to bottom. By. shifting the depth of intake, it may be pos- 
sible to draw relatively cool water even during hot weather. Water 
should be drawn from the lower depths when possible. Cool water is 
more viscous than warm water and thus is more difficult to coagulate 
and effectively chlorinate than warm water due to slower reactions. 
Water treatment times should be Increased when water temperatures are 
less than 45°F. 

ACIDITY AND ALKALINITY 

Some of the physical Impurities mentioned "use water to behave as 
either an acid or as a base. The degree of acid behav or is called 
acidity. The doqree of basic behavior is called alkalinity ^ince 
either condition has an important. bearing on water treatment, the 
degree of acidity or of alkalinity must be determined. 

The pH value is a measure of the acidic or alkaline nature of the 
" waler. The pH value ranges from 0-14. A value of 7 is neutral. 
A high pH value indicates a very strong alkaline solution. 

The pH influences the corrosiveness of the water, the amount of chem- 
ical dosages necessary for proper disinfection, and the ability of 
an analyst to detect contaminants. 

HARDNESS AND OTHER CHARACTERISTICS DUE TO DISSOLVED MINERALS 

Hardness is caused by the soluble salts of calcium, ma ^«i urn. Iron, 
manganese sodium, sulfates, chlorides, and nitrates, ^degree of 
hardness depends on the type and on the amount of impurities Present 
in the water. Hardness also depends on the amount of carbon dioxide 
influences the solubility of the impurities that cause hardness. 
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The hardness caused by carbonates arid bicarbonates is called carbonate 
hardrifss. Jhe_ hardness caused by all others (chl prides t sulfates, 
filtrates) isca 11 ed non-carbonate hardness. Alk^ Is usual ly 

equivalent to the carbonate hardness. Sodium, however, also causes 
alkalinity*. In natural waters, sodium is not normally present 1h 
appreciable amounts. Therefore, in natural waters, the alkalinity 
is equal to the carbpnate hardness. . After a water has been softened, 
however, a large amount of sodium remains in the treated water. In 
softenedwater, the total alkalinity ts the sum of the carbonate alka- 
linity plus the sodium alkalinity. 

Hardness is undesirable in that it consumes soap, makes water less 
satisfactory for cooking, and produces scale in boilers and distil- 
lation units. 

The following minerals cause hardness in ground and surface waters: 

Calcium carbonate, Alkaline and only slightly soluble; 
causes carbonate hardness and alkalinity in water. 



Calcium bicarbonate. Contributes to the a lka 11 nity and 
carbonate hardness of water. Calcium bicarbonate when 
heated produces carbon dioxide and calcium. carbonate. 
This calcium carbonatp precipitates as scale in boilers 
and distillation units. 

Calcium sulfate or gypsum. Causes noncarbonate hardness 
in water. Being more soluble in cole! Water than in hot, it 
separates from the water in boilers and forms scale on the 
Doi ler tubes. - 

Calcium chloride. Causes noncarbonate hardness in water. 
In steam bpilers and d]\stjllatipn_uni ts, the presence of 
calcium chloride can cause chemical reactions which result 
in pitting of the boiler tubes. 



FACTORS INFLUENCING THE QUALITY OF WATER 

As water goes through its hydrolpgic cycle, it gathers numerous impurities. 
Dust, smoke, and gases fill the air and tend to contaminate rain, snow, 
hail* and sleet. As runoff, water picks Up silt, chemicals, _arid_disease_ 
organisms. As it enters theearth through seepage and infiltration 
of the suspended impurities may be filtered out, but at the same timei 
other minerals and chemicals are dissolved and carried along. It is now 

ground water in an underground deposit and, although it may now become 

lei-s cpntaminated or polluted, it is not necessarily pure, and may contain 
disease organisms as well as harmful chemicals* 

In addition "to the impurities in water resulting from infiltration, many 
are contributed by an industrialized society. Garbage^ sewage, industrial 
waste, Insect sprays, and chemical., biological , and radiological agents 
are examples of these. 
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Impuritles Iriwater are__|1_ther_suspended or dissolved !., The suspended 
Impurities are usually more dangerous to healthy. They Include mineral, 
matter, disease organisms* silt* bacteria, aridalgae, arid must be des- 
troyed 6r removed from water that is to be consumed. - 

1) The main factors Influencing the quality of a given water supply 
source are: 

A) Nature of the surface geology; character of soils arid rocks. 



B) Character of vegetation; forests; cultivated and irrigated 
lands, including salinity* effect on Irrigation water, etc. 

C) Methods of sewage ^disposal whether by diversion from watershed 
or by treatment. 

bj Character and efficiency of sewage-treatment works on watershed. 

E) Proximity of sources of faecal pollution to Intake of water 
supply. 

TURBIDITY TEST 

The turbidity test is used to show the amount of suspended mattef_pres- 
ent in raw water* arid alsb_td determine the amount removed from treated 
water. The test may be made with the white porcelain cup with Its 
black enameled dot, or by employing the turbidimeter and standard tur- 
. bidity solution. Rapid approximate readings only can be made by using 
the. cup. 

Turbidity Determination by Use of Measuring Cup: 

The measuring cup can be used to determine whether raw water has 
more or less than 100 turbidity units. If the black spot cannot 
be seen when the cap 1s filled to the top with the water sample, 
the turbidity is 100 units or over._ The_turbidity is less than 
100 units if the outline of the black spot is visible. 




DOT CLEAR 
LESS THAN 5 ppm 




DOT HAZY 
BETWEEN 5 ppm AND 1W 



DOT OBSCURED 
MORE THAN 100 ppm 



Fig. 6 Turbidity Test 
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Waters having low turbidities, such as effluent, from a purifica- 
tion unit* may be checked by adding about 1/2 Inch of water to 
the cup and looking at the black spot* It appears as black as- It 
was originally, the turbidity Is less than 5 units. Turbidities' 
over 5 units produce a graying or milky hue in the black- spot. 

THE* QUANTITY OF WATER . 

Surface water originates mostly from rainfall and Is a mixture of surface 
run-off and ground water. It Includes large f 1 vers , ponds and lakes* and 
the small upland streams which_may originate from springs antf collect the_ 
fun-off from the watersheds. The quantity of ruh-bff depends upon a large 
number of factors, the most impprtant pf whlch are the amount and Intensity 
of rainfall, the. climate and vegetation and, also, the geplpgicaij_geog-_ 
faphlcal, and topographical features of the area under consideration. It 
varies widely, from about 20X_in afld and sanSy areas^wheroTtS^falfvfall 
Is heavy. Of the remaining portion of the rainfall I, somepf the water 
percolates into the ground,, and the rest is lost by evaporation, trans- 
piration and absorption. 

a - 

FACTORS INFLUENCING THE QUANTITY OF WATER* 

A) Total annual precipitation. 

B) Seasonal distribution of precipitation.. Both the total annual 
precipitation and the seasonal distribution of precipitation 
are best determined by past record. 

C) Soil porosity and permeability. 

bj Annual and monthly evaporation and transpiration. 

One of the first steps in the selection of a suitable water supply 
source is determining the demand which will be placed on it. The 
essential elements of water demand Include the average daily water 
consumption and the peak rate of demand. The average daily water 
consumption must be estimated: 

1. To determine the ability of the water source to _meet -con- 
tinuing demands over critical perl pd 

are low, and ground-w^ter tables are at minimum elevations^ 

2. „. Eor_purposes of ^^^estimatf^" gi^tTtles of stored water which 

would sustain demands during these critical periods. 

The peak demand rates must be estimated In order to detemlne plumbing 
and pipe sizing, pressure losses, and storage requirements necessary 
to supply sufffcieht water during peribds of peak wa^er demand. 
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SURFACE WATERS 

* Surface water sources are lakes and ponds, rivers, streams, and control 
led catchments (cisterns). ; 

takes arid Porids^ 

A lake or pond 1s any. standing tody of Inland water. 

Quantity: Advantageous in that 1t 1s usually able to store 
water in wet periods for use 1n dry periods. 

Quality: Generally poor. Normally turbidity and bacteria are 
the major pollutants. Use only when ground water sources 
and control led catchments are not available or are Insuf- 
ficient or Inadequate. 

Development requirements:— The^ Weal- tuition U that the water- 
shed permits water of the highest qual 1 ty tcTFriter the^pond-.- 
To approach this goal, the watershed should be clean, free 
from septic tanks, barns, privies, etc., protected against 
erosion and drainage from livestock areas, and livestock 
should be excluded (fencing 1f necessary). 

Treatment requirements: No lake or pond water can be considered 
safe until 1t has been disinfected. Generally It is also 
necessary to remove turbidity. 

Treatment processes: * 

1) Sedimentation plant - (w/o alum for coagulation) allows 
large particles of turbidity to settle out. 

2) Filtration to remove turbidity and reduce bacterial content. 

3) Disinfection 

Warning: Lake and pond waters usually require e ^] v e treatment 
and a floating intake. structure. In many cases the ™ Ration 
unit becomes clogged and must be cleaned. It 1s advisable to look 
elsewhere for a source of Water. 

Rive rs and St reams 

General- A stream or river 1s a body of running water on the sur- 
face of the earth, from higher to lower ground. 

n.ianHtv Ylpld controlled by rate of minimum flow per day and 
° year. Streams qerikr-aliy exhibit marked seasonal variation In 
flow. 
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Quality:^ General lyppor. Chemical nature partially dependent 
on bedrock, fthyslcal and bacterlologlcalqaallty highly 
variable. Easily contaminated. Impossible to exert saril- 
; tary control ovfc^watershed. - * 

development requirements: Requires-a submerg^ Thtake structure 
arid 1n the case of small streams requires the construction 
of small diversion dams. 

Treatment requirements: Same as lakes and ponds. _L1kejy_to be 
more turbid and have a greater quantity of chem.ical pollu- 
tants. 



Treatment Processes: Same as the lakes and ponds. 

Warning: Rivers arid streams shqulO 

tial source of water unless, of course, adequate treatment 
facilities already exist. 

Springs 

J3eheral: The outflow of water that has previous ly_run or per-. 
" ro^^d^Ju^Jj^ Two types: 

1. Gravity-ground water flows over 1mpifvT^T^tl^tum-onto^ 
ground surface. 

2. Artesian-water rise to surface after confinement between 
two Impervious beds. 

Quantity: (1) Yield of gravity |pf 1ngs_fluctuates_w1th rainfall 
Characteristically have low discharge. (2) Artesian springs 
tend to have a nearly constant yield. 



Quality: Are subject to contamination near points of emergence^. _ 
Poor to good. Usually contain dissolved minerals (especially 
calcium carbonate). Caution*- fpMrigs emerging from! imestone, 
channel s all ow for very 1 ittl e -na-tura 1-f 1 1 tra ti on . May become 
highly turbid and I polluted after heavy rains. Careful Inves- 
tigation recommended. 

Development requirements^ El imlnatibn of all Iburces of contami- 
nation hear point of emergence. If gravity type, further 
development not recommended. 

Requirements--- (1) filtratlbh-sdmetimes not necessary 
(2) disinfection 

Processes: (1) slow-sand filter \z) chl or 1 nation 

« Gravity springs have the advantage in that they proyidfa 
gravity type distribution syfternv JKflltration and storage 
unit can be constructed before- poi nt of v emergence. Such a 
development is not feasible unless the spring has a substan- 
tial yield. 
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Catch Basins (C teteffis^ 

General! A- sloping surface^area for_cpliect1dri. of ralnfa 

*?ff_iw'diw_to,«_cofe«d 'tank (cistern). * Roofs are the most 
common cal lection' areas. 1 

- . . y _ . v 

Quantity: Dependent on amount and variation of rainfall, evapora- 
tion, infiltration* and replacement of the soil deficit. For 
covered surfaces, losses are less than fifteen percent. 

Quality: Whol 1y dependent on the character of the surface of the 
area of collection. 

Development requirements: Construction of a watertight, mahholed 
covered, tank with* outlet. 

Treatment requirements: Tank roust be periodically disinfected. 

With fenced catch areas of clay surface, filtrationadylsable 
bifdfe_ intake. W1th_ roof secernent or other hard surfaces 
It is advisable to- have some screen to catch leaves, etc. 
Hard surfaces should be cleaned periodically. 

Treatment processed: Disinfection is the only necessary treatment. 
GROUND RATER 

Ground water serves the great majority of people who live in rural areas 
Tddrh^^^watfrFs^ system of one type or another. The reason is 
that, among the^varTous--^ far the 

most practical and safe in nature^ E^mnHtH-a-J^ 

country such as the USA, jnunicipal ground-water 1n?taTlTtitms^far_qut^^ 
number sarf ace-water supplies.- It is very probable that, for a long 
time to come, ground water Will be the most Important source of supply 
for most rural cdntpunlties of the world. 

The advantages of ground water are: 



1. It Is likely to be free of pathogenic bacteria; 

2. Generally, it may be used without further. treatment; 

3. In many instances 1t can be found in the close vicinity of 
rural communities; '. 

4. It is often most practical and economical to obtain and dis- 
tribute; _ _. 

5. The water-bearing stratum from which it is drawn usually pro 
vides a natural storage at the point of intake. 



The disadvantages are: 

1. Ground water is often high 1n mineral content; 

2. It usually requires pumping. 
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In ground-water supply-Investigations and design, the engineer Is 
concerned with the following steps: 

1; to find It In the required quantity and quality as near as possible 
to the center of consumption, 1ri order to reduce transport costs; 

2. to extract, It fey fneans of a system which producesthe quantity re- 
quired, safeguards the quality, and, at the same time, Involves the 
least capital outlay; 

3. to transport the water to theconsumerln a way which requires the 
/least amount of operational and maintenance skill and cost. 




- Area* where there are food possibilities of obtaining water from infiltration faiitries, well-point 

2 --~Gro!mt^^ that a flowing spring S formed. At the foot of river 
_ banks and hill, other spHn^mayi>ossM>lx^4ouhd. 

3 m Top of (round-water table 
4_ — Area of infiltration to supply-formation B 

A ~ Non-confined (non-artesian), water-bearing formation covered with top soil 
8 •*> Confined (artesian): water-bearing formation 
C — Impervious rock, or hard-pan formation 

2' 



Fig. 7 Geological Formations 



Ground water Is that portion of the atmospheric precipitation, mostly 
rainfall, which has percolated Into the earth to form underground de- 
posits called aquifers {water-bearing fpraattpns) (See Fig. 8). These 
ran be tapped by various means , to be discussed later; and, in .the _ 
great majority of cases, they can be used without further treatment for 
Individual and community water-supplies In rural areas. F1g. shows 
the occurrence and distribution of subsurface water. 
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F1g. 8 OCCURRENCE AND DISTRIBUTION OF ^UB-SURFACE WATER 



SOIL WATER 

Limited to tbc Mil irvj mcb«l 
by ruuli 
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Adhere* to r»*k turface* 
throughout inn* *4 aera* 
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and lraiuf*f Jliun 
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WATER 
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PERCHED WATER 
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BC « preuur* iraditnt: indicates actual itttic lave! in walls plarcinf U»i conduit 

Reproduce I fro- Tolman, C. F. (IM7) GroW p. 5* by kiM permbMO* of MeGuwHill Book Co. 
Inc., New York 
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The great majority of wells for rural water-suppl iestake water from 
the "free-wa.ter zbhe\ (Figs. 9, 101- These will usually be jetted, 
dug* dMverij.or bored wells. Infiltration galleries also take water 
from this zone. Drilled wells often penetrate* the confined water 
aquifer. It 1s from this stratum that flowing wells are developed. * 

Ihi aquifer must be supplied with an ample quantity of waterlf _it_is_ 
to serve as a source. It is simply a reservoir and can b^depleted in 
the sanie manner as a surface reservoir if its supplyis inferior to the 
demand placed on^it. In rural areas this is very seldom a concern as 
the' aquifer- will usually be replenished sufficiently to supply the rela- « 
tively small demands of rural_cppiun1t1es.^ An element of greater sig- 
nificance fpr_the_engineer searching for ground water pertains to the 
characteristics of the soil formation of the aquife* M 1 .e A ,_tq the_abil- 
ity of the aquifer to give up water and, therefore, to serve as a re- 
liable source of supply. z 

The quantity of water that can be extracted from an aquifer will depend 
on (1) its porosity and permeability, and (2) the draw-down 1n the ' 
weil._ The porosity and the permeability, of a formation a*e_ limited _ 
by nature; aptf while conditions may be altered somewhat in the Immediate 
vicinity of a well intake, _the_general nature of the aquifer is fixed 
and cannot bVnrodified. The draw-down in a well, however, can be varied 
within the limits of the thickness of the aquifer, the penetration of 
the well 1htb thi aquifer, and the capacity of the pump used (F1g. 9 »10 J. 



Ground formations* however, have S certain. tehdency_tp hold the wat§r 
and *o give up only a part of it. This characteristic of a soil for- 
mation 1s called permeability; it is the quality of a formation which 
controls the passage of water throu^_ it.__From_a knowledge of hydrau- 
lics; 1t is obvious that water will pass through large openings more 
easily than it does through small ones. 

Clays and topsoils have high porosity (large volume of voids) but low 
permeabilltyjvery small opening between particles), so that_water___ 
passes through them with great difficulty. Gravels and sands, on the 
other hand, are permeableahd therefore allow ground water to pass with 
relative ease.. This type of formation is^also porous, as can_be_ieen 
above, so that it can store larqe quantities of _water. These, then, 
are the water-bearing forma ti oris _mp|t amenable to the development of - 
wel l I and most Important to the engineer in searching for a fural_cqm- 
munity water-supply. Sandstone 1s both_pprQUs_and_perv1ous and there- 
fore an excellent aquifer which canbe tapped to produce-large Quanti- 
ties of water, especially if it Is confinedas shown in F1g A ?_Ifqr-__ 
mation B) and Fig. 10 . Where 1t 1s known, for example, that sandstone 
underlies an areaj and whe^_no other_read1ly available source is found f 
a telt hole Into this stratum would be a" good risk. _Chal_k_fdfmat1ons 
in the British Isles and in Haiti are known to produce reasonable 
quantities of water. ' 
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A «• Ground surface 

B - Top layers of soil 

C = Water-bearing stratum 

D Impervious stratum 

E - Thickness of water-bearing 

_ stratum 

F -. Water table 



G « Draw-down 

H -« Depth of penetration of well 
into aquifer 

J » Draw-down cone 

J_ « Curve of maximum draw-down 

P Pump 

R » Radius of circle of Influence 



Fig. 10 WELL TAPPING CONFINED WATER 
P 

A_ 




■A 



A ■» Ground surface . 

C w Water- bearing it rat urn 

P ■ ln|pJtr>ioui_|trAturn 

E — Thickness of water-bearing 

stratum 
I s - Water t'ble 



C mm Drawdown 

I. ■» Drawdown cone 

P_ *! £ump_ 

Q ^iPe_p_th of witer In weU 

R **( Radius of circle of influence 
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Exceptfpr unusual geological features or underground dams , it can be 
said that, In any drainage basin, ground-water always flows towards 
the principal streams (Fig- 7 ). While there are exceptions to this 
ruVe^ the best place to look for shallow ground-water is at the bot- 
tom of draws and valleys. It is in this area that pockets of sand 
and gravel may have been deposited. If these are close to the present 
stream or In an old course, they will probably be well supplied. Under- 
ground sampling by boring or jetting in these areas will usually be 
profitable. _Irt_this_way,_samp]es of the be_ 
taken and examined to fletermine the characteristics of the aquifer and 
its ability to supply the quantity of water /needed. Fortunately, a_ 
great many small towns jn 

along natural watercourses, so that the possibility of finding avail- 
able ground-water as a source of supply may be somewhat improved in 
such areas. 

DEVELOPMENT OF WATER SOURCES 

BASIC CONSIDERATIONS 

Development of a water source includes all work which increases the 
quantity and improves the quality of the water, or makes it more readily 
available for treatment and distribution. The development of surface . 
water sources and springs is considered in this section. * 

In developing a source, dams, floats, qalleries, and similar improvements 
may be used to increase the quantity and quality of the water. Some 
of the more common improvements are discussed in succeeding paragraphs. 

Elaborate developments should be avoided; simplicity brings more rapid 
results. A temporary water source should not be converted into a per- 
manent one until the area has .been recbnnbitened for a source requiring 
less development. L __A11 intake hoses pr pipes should be equipped with an 
intake strainer regardless of the clearness of the water source. Suc- 
tion strainers should be protected from floating debris which may dam- 
age, clog, or unnecessarily pollute them. Proper anchorage of suction 
lines and strainers prevents loss of prime* punctured or kinked lines, 
and damage to strainer. _Figuf|s_ll,12il3 an<J 14 depict several of the 
common methods of suction inlet anchorage. 

Waterat the 'intake point should be as possible. The 

straineron the suction hose is placed at least 4 .inches below the water 
level . This precaution reduces thepbsslbili 

clogged with floating debris, or the prime being lost due to air getting 
into the suction line. 

SURFACE WATER SUPPLIES 

Advantage s . For normal field water supply, surface water is the 
most, accessible type of water source. This source also lends itself 
readily t£_the purification equipment common to most engineer units* 
Surface water is the most easily developed source of water. Vari- 
ous methods of constructing intake points for inland surface water 
sources are 'discussed below. 
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Rocks and ^taJces. If the stream is not too swift and the water is 
sufficiently deep, an expedient intake may be prepared by placing 
the intake strainer on a rock. This will prevent clogging of the 
strainer by the streambed and provide enough water_oyerhead to pre- 
vent the suction of air into the_intake pipe. If the water source 
is a small stream or shallow lake the Intake pipe can be secured 
to a post or pile as shown in Fig. 11 . 

Pits. When a stream-is so shallow that the intake screen i 1s_nbt__ 
covered by at least 4 inches of water, a pit should be dug and the 
screen laid on a rock or board placed at the bottom of the pit. 
Pits dug in streams with clay or silt bottoms should be lined with 
gravel to prevent dirt from ehteringthe purification equipment , 
(Fiq. 12 _L The, screen is surrounded by gratfcl which prevents col- 
lapse of the sides of the pit^ahd also shields, thv?_fcreen from dam- 
age by large floating objects^ The graver also acts as a coarse 
strainer for the water. A similar method may be provided by en- 
closing the intake screen in a bucket as shown in Fig. 13 . 

Darns^. the leveH of the water in small streams can be_ raised to * 
cover the intake straiher by buildlng a dam as shown in Fig. 14 . 
In swiftly flowinq streams, a wing or baffle dam can be construc- 
ted to protect the intake screen without impounding the water* 
(Fig. 15 ). 

Floats. Floats made of lbgSilumberj sealed I cans, or empty fuel 
drums can beused to support the intake strainer in deep-water. _ 
They are especially useful in large streams wherethequality of 
the water varies across its width or where the water ts not deep 
enough near the banks to cover the intake strainer. The Intake 
point can be covered by ah adequate depthpf_water byjarichoring 
or stationing theflpat at the deep part^of-thie stream.- The in- 
take hose should be secured to the_ top of _ the float, allowing 
enough slack for movement of the float. If support lines are used 
tb_secufe theflpat to the banks, the position of the float _cah be 
altered to correspond to changes In depth by manipulation bf_the 
liheo. The chief advantage bf_a fVpatintake is the ease with * 
which the screen can be adjusted vertically. Fig. 15 illustrates 
two types of improvised floats. \ 

8 _______ 

Galleries. Water- from muddy streams can be improved in quality by_ 
digging intake galleriel along the bank. __A trench is dug along the 
bahkjdeep enpugh so that water from the stream percolates into it 
so It- intercepts ground water flowing toward the .stream. _ The trench 
is filled with graveltb preventthe sides from collapsing. The in-^ 
take strainer is placed in the gravel below the water line tFig. 17 J. 
The amount of work required toprbduce thegallery is justified by 
areductibninthe amount of chemicals needed to coagulate the water* 
the elimination of the necessity of frequently backwashirig the filter 
and the higher quality of water obtained. 

Drive Points. Many times it 11 advantageous to utilize shallow ground 
water. sources or percolated waters adjacent_to a turbid surface water. 
Hell points are Issued in 2-inch diameter, 54-1 rich lerigths. A drive 
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Flg. 11 Direct Intake* with Hose oh bottom of water source 




FINE GRAVEL AND SAND . . " * " ■' • 



o_._ _ _ _ _ _ 

Fig. 12 Surface Intake with Hose burled 1n gravel -filled pit. 
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TO UNIT- 



4" 



WATER LEVEL 



GRAVEL 



FINE GRAVEL AND SAND • .o • • 



INTAKE SCREEN 



Fig. 13 Use of bucket on end of surface Intake 



PICKETS 
WISED 
TOGETHER 




4_T0_1 SLOPE 
FRONT AND REAR 



*^^rT^* ^ i CORRUGATED IRON 




WOOD OR**- — J$ 
ANGLE IRON 
PICKETS 

SAND3AGS FILLED WITH MUD - 



7 




Fig. 14 Improvised dam for Impounding siMU^feams. 




4S 




Fig. 15 Baffle dam for protecting inlet strainer. 




INTAKE SCREEN , 

Fig. 16 Float-type surface, intake, with anchors. 
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GALLERY FILLED WITH GRAVEL 

F1g\ 17 Gravel-filled gallery Intake.. 

LEAD-OFF DITCH 




Fig. 18 Spring Inlet. 
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cap is driven Into the ground with a sledge. Successive sections 
of pipe* each 5_feet Iphg^ are_added and driven until the screen 
is well within the water bearing media* Several well points may 
be connected in parallel to supply sufficient water to the raw 
water pump. In developing drive .point. sources § it must be remem- 
bered that the practical ..limit of suction. 1 I if t of the pumps_ issued 
with, field equipment is 22 to 25 feet at sea levels Suction lift 
pumps can be used, therefore, only where the pumping level in the 
wellwill be within the limit of suctionTift, or 22 to_25 feet be- 
low the position of the pump. ; At 5*000 feet ?bove_ sea level j the 
practical limit of suction li/t is only 20 feet. It should be noted 
that since a suction-lift pump i must create a partial yacuutn In th?, ^ 
suction line, it is necessary that the line be absolutely airtight 
if the pump is to function properly. 



SPRINGS 



Springs yielding 20 gallons per minute or more of water can be used as 
a source of field water supply if properly developed. Springs may be 
developed by enlarging the outlet of the spring* and by reducing loss 
by dammina and conductina water to storage. To reduce possible pol- 
lution, springs should be cleared of all debris, undergrowth, top soil, 
loose rocks, and sand. 

Water which flows fromrocfcs under the force of gravity and collects™ 
depressions can be collected in boxes or basins i pf wopd^ til e A or con- 
crete. The "collecting box should be large enough to impound most of 
the flow, and should be placed below the ground level so that only the 
top is slightly above the surface* The box should_be covered tightly 
to prevent contamination and lessen evaporation. The inlet should be 
designed to exclude surface drainage and prevent pol lytic n. This re- 
quires fencing off the areaand providing proper drainage. Flg^ 
shows a spring inletwhich has been protected in this manner. The 
screen on the overflow pipe prevents the entrance of insects andsmall 
animals. Another screen on the intake pipe prevents large suspended 
particles from being Ingested by the pump used to distribute the spring 
water* thereby preventing mechanical failure or reducing it to a mini- 
mum. 

The flow of water from a spring located pna steep slope of loose earth 
can be obtained by the following two methods: 

1. Constructing deep, narrow ditches leading from the spring to the 
point of collection. 

2. Constructing pipeline tunnels from the spring. to the collecting 
point. Pipe of large diameter is more suitable for thispurppse. 
The water from the tunnels can be trapped by constructing a dam 
•at the point of collection. 

Digging is a more positive and more economical method of developing a 
sprlngthan blasting. In using explosives 1r developing the yield 
from springs you should ixercise great caution. Blasting 1n unconsoli- 
dated rock ^ may shift the sand or gravel in such a way as to divert the 
spring to a different point; 

' . t 48 
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Fig. 20 FinisheG drive point well. 
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WELLS 

When ground and surface water suppl'1 es are Inadequate or cannot,be iised . 
ground water supplies are developed by constructing wells ^el^s ^re- 
classified Into five types, according to their method of construction. 
These are dug, bored, driven, jetted and drilled wells. Each type of 
well his 1ts 9 part1cuiar advantages, which may be ease of construct on, 
type of equipment required, storage capacity, ease of Pen et ™^° n n J?t° 
certain types of formations, or ease of safeguarding against pollution. 

THE BASIC REQUIREMENTS jjg A WATER SUPPLY 

The objectives of any water supply, big or small, are to P™vide the con- 
sumers with safe and wholesome water in adequate amounts and to make that 
water readily available to users. . 

SAFE, AND WHOLESOME WATER 

Safe and Wholesome water is water that may be consumed without risk 
from its chemical and bacteriological contents, its color and odor 
should be unobjectionable and it. should be free of visible suspended 
matter. 

Much information concerning, its sanitary quality may be obtained by 
chemical examination of a water but it is impossible to say that a 
\ water is free of sewage pollution by chemical analysis alone. Where 
\ the presence of pollution is being investigated^ bacteriological ex- 
\ amination 1s essential. Water which the tests have shown to be safe 
\ may be polluted after the samples have been taken and the onlj wwf-of_ 
ensuring the early detection of intermittent pollution is through f re- 
cent routine bacteriological examinations. In ruraTareas H ^often 
difficult enough to have one such examination done but to Insist orL 
weekly repetitions would be quite unrealistic. The Bacillus coll which 
normalities in the bowels of warm-blooded animals and which Is pre- 
sent in human faeces in enormous numbers 1s used as the bacterial in 
dicator. of pollution. Unfortunately there is no ready method of dif- 
ferentiating B. col i of animal origin from those of human origin. 

In view of the foregoing 1t is of the utmost Importance that the supply 
system be correctly located and constructed so as to provide natural 
detection against outside contamination. A careful ^ inspection of the 
?e°rt?nen? arS must, therefore, be carried out and it i^ld beregagd 
at regular intervals to ensure that this area 1s maintained In the neces 
sary sanitary state. 

ADEQUATE QUANTITY \ ~ 

The average amount of water required dally by an individual Is about 
Ona lions for domestic purposes, I.e. drinking, coofeing, bathing and 
aundry! Piopli can SwItE less for short periods «hen jecessary. but 
public health is best served by encouraging the use of water and^dls- 
couraainq its waste. T» provision of 25 or more gallons per person 
Jerdly does no? include water needed for gardening purposes or for 
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The former usually affects only the bungalows and varies considerably 
in amount. The standard daily allowances for animal sare : --for horses 
and cattle--10 gallons per capita: and for sheep, goats and" pigs, 2 gal- 
lons each. J^ospltalsrequire about 50 gal Ions jper patient dally , and 
schools need approximately 10 gallons daily for each chllcU 

AVAILABILITY 

a From the purely public health view-point there is no question but that 
' the aim should be to supply safe and wholesome water in adequate quan- 
tity to every family in its home. Generally^ when individual families 
are provided with taps in their own houses they look after the tap! and 
the wastage of water is minimal , On the otherhand, where the dlstrl- 
- but ion of water is by public stand-pipes , the ta^ps" are generally left 
running and many of them are repeatedly broken so that they cannot be 
turned off ^ Unfortunately the capital cost of a waterpbirit in each 
house is often too great and It 1s then necessary to compromise be- 
tween economic realities and the desired sanitary conditions. 

Until they actually experience the benefits of safe water, villagers 
rarely understand or appreciate its advantages arid they will continue 
to use their bid polluted sources unless the news^nitary supply 1s 
superior in some respects obvious to them, such as greater convenience 
or greater reliability. They may bathe^tfiemselves and wash their clothes 
at the new water-point but the general standard of household cleanliness 
will vary inversely with the distance the water has to be carried. If 
the new water-points are riot as handy or as dependable as. the old ones #; 
the people will continue to use unprotected shallow wells near their 
homes or persist in going to the river for pollutedwater. Such prac- 
tices defeat the real object for which. the new supply 1s, being instal- 
led, namely, to improve the public health. As many stand-pipesamL 
household connections as possible should, therefore, be supplied and 
the layout of the whole. pipe system should be such as to facilitate the 
futjre provision of a tip 1n each house. The following are Suggested 

as minimum standards:--one standrplpe should not serve much more than 

40 people; arid in the case of wells to which the people must no for their 
water there shbuld be at least one well for every 250 people (approxi- 
mately) . ^_ . 



SELECTION OF THE SOURCE OF SUPPLY 

* •* 
The choice of a source of supply for development depends on a number of factors i 
chief among which are: --the quantity and ouality of the water available; the 
possibilities of sanitary control of the catchment area; whether the water 
can be supplied to the consumers by gravity or has to be pumped; and the dis- 
tance from the source to the houses. In order to obtain full information on 
these points it is necessary to carry out a very careful preliminary, survey. 

SOURCE OF SUPPLY 1 . 

The first step in*startinn any water scheme is to determine whajt source 
of }supply are available. ' Frequently a good source is not difficult to 
find but it is usually advisable to check all alternatives asiqme may 
be more economical apid safer to develop^ Sometimes suitable sources 
are not obvious and a serrch should then be m^de in the valleys, albrig^ ^ 



the foot of the hills* when?- the vegetation Is greener » arid such places. 
In this rlcbnnaissance theinhabitants are generally very willing to 
assist with their 1 oca 1 knowledge. * 

If the search falls to^reveal a satisfactory source an investigationof 
the groundwater becomes necessary* and for this a knowledge of the_ lo- 
cal geological font»t1dns_1|_mpst helpful. Study of any existing wells 
villi provide some Information about the layers 1t penetrates, and the 
location^ quantityahd quality of the water. Unless a good deal 1s__ 
already known about the aquifer It Is expedient to sink test holesat 
various liktely spots. These holes may be made with a pipe^ abbut v 2 
Inches In diameter* tipped with a point, and driven Into the ground by 
a hammer, or a pipe sunk by an earth auger or by boring. This method 
is generally successful provided the water is not more than 30 feet 
or so from the surf ace. __If It Isnecfssiry to probe |ny_deeper,1jt. 1s 
usually wise to obtain the services of an engineer possessing the ex- 
perience and the equipment for this type of Worfc._ Deep well explora- 
tion and construction are expensive and are not jobs for amateurs. 

The next step is to determine the quantity of water available. The 
rainfal I f iguresmay be obtained and the history of springs and exist- 
ing veils may often be secured from the local residents. An estimate., 
of the capacity of the aquifer may be made by pumping a well and noting 
the rate at which the well refills but the approximate yield in the 
dry season must be determined as that is often a decisive factor. 



THE 'SANITARY SURVEY 



The sanitary conditions prevailing in the immediate, areas of possible 
sources should be thoroughly Investigated, This is most important, 
because the methods of purification of water, under rural conditions, 
are limited, and the process is too- of ten neglected.. Animal contamina- 
tion of the water is very undesirable* and_in_sbme_places may be danger- 
bus, but thegreatest hazard lies In pollution from human source*. It 
may be possible to finda spring, or stream, coming from a safe catch- 
ment area situated uphill frqm.humah habita 

cable to render a^source safe by moving potential origins cf cbhtami na- 
tion or to protect the source by suitable intercepting drainage etc. ° 
Though the water frbm a ltream may be liable to pollution it 1s often 
feasible to obtain wholesome water through wfel Is and infiltration , 
channels sunk in sand and gravel layers near, the stream. Wherever - 
pblslble the watef should be examined chemically and bacteriological ly 
and results considered in the light of the sanitary survey. 

SOURCE AND TREATMENT . 

In .the final selection of a source the following priorities should be 
adopted. 

First-priority Consideration 

Water which require! jrp_t^ bacteriological physical, 

and chemical requirements and which can be delivered to the consumer 
by a gravity system should be given f irst cqjislderatlon. This 
would usually bf linjlied to spHngs and protected drainage areas. 
Such a system requires no treatment and no pumping and* therefore, 
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1s_ ideal from the_ppint of view of itialntenance, which is thus 
reduced to an absolute rtinimurg. 

Second-priority Consideration 

Water which requires no treatment to meet bacteriological - t physical 
and chemical requirements bi^t which must be pumped to consumers, 
would be the second choice. vWell supplies would fall within this 
category. - . \ 

Piimpihg can be ah economical and simple solution, but it can also 
bean expeh|iye and complicated* one, according, to Ipca^^ 
stances. It depends on the availability of qualified operators* 
and bh the local cost of fuel. Such factors vary widely from 
country to county of a 

given country; they vary also with the types and efficiency of 
operation- and' maintenance programs\ developed for providing aid" to 
municipalities from centrally located headquarters. 

Third-priority Consideration 

Water ^hich requires simple treatment before it can meet bacterio- 
logical, physical ,_pr chemic|l_requirem^ j can be del 1- 
vered to the consumer through a gravity system should be given 6 
third-priority consideration. Simple treatment is considered. to _ __ 
be limited tO| (1) stprage which would provide plain sedimentation 
and some reduction" in bacteria, (2) chloririatjbh without the use 
of a mechanically operated chloririator* (3). slow sand filtration; 
or a combination of "these. 



For rural areas thisis normal ly an Inferior solution; It Is usu- 
ally more expensive than the above solutions and involves bpera- 
/ tibhtl procedures which are mostdifficult tb_ma1htl1h_1ri_small_ 
rural communities. In such places, when the^chlorine stock runs 
but, chlbrihat.ion is abandohedin almost, every .instance; and, when 
the illow sand fjltlr becomes clpggedj a L^^s|_4'sLofteiLCQns1dered 
an easy arrangement. Such is the history of treatment measures 
in r.ost rural* areas where routine technical assistance is hot pro- 
vided by a responsible agency. - 

Fourth-priority Consideration 

/ " 

Water which requires simple treatment, as mentioned above, and 

which must be delivered to the consumers £y^ pumping w$uld obviously 
be the most expensive choice to make, 

DETERMINING IMF RELATIVE COST OF A DEVELOPMENT 

The easiest method of determining the relative cost of a development 
Is to: 

(A) Estimate the cost of the various components for a given design; 

(B) Calculate the time required for construction; ____ •_ 

(C) Determine the total labor cost from the price per hour; 

(D) Sum items A and C. 



WATER SUPPLY SOURCES 
LESSON NO. 1 



LESSON OBJECTIVE- 



Describe the methods used to locate and record 

. . _ . . i _ 

existing water supply sources with respect to 

the community to be served. 



TOPIC 



Topographic 
Contouring 



Topographic 
Mapping 



Plane Table 
Mapping 



INSTRUCTIONAL PROCEDURE 



Hand out exercise on topographic contouring 
and assist students where necessary. 



Disouas, the use of the compass mid the 
interpretation of topographic maps. 



Demonstrate drawing a cinjde topographic map 
of a prominent topographic feature. 

Outline what features are to be included and 
how they are to be represented in a topo- 
graphic sketch map. 

Assign students to groups of five. Rave each 

group map a Quarter mile area. Escsh map 

should include the following features: 

1) man-made structures 

2) livestock grazing areas 

3) ¥^®?_? u PP^y sources 

4) disposal systems 



Demonstrate how to construct a more service- 
able map, the plane table map. 



SUPPLEMENTAL MATERIALS 
RELATED REA DING - 



Manual of Field CJeologj 

p. 21-25. __ L 

Any basic 1/iboratory 
manual of Physical Gebld 

Manual, of Field 
p. 3&-50. 

A.F.M. _TM 5-700 
p. 6-15. 
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WATER SUPPLY SOURCES 
LESSON NO. 2 



LESSON OBJECTIVE* Demonstrate how to identify and evaluate various 





water supply sources • 




topic 


INSTRUCTIONAL PROCEDURE 


SUPPLEMENTAL MATERIALS / 
_ RELATED READING 


Rock and Soil 
Type 


Outline the physical characteristics and 
discuss the hydrological properties of the 
basic rock ajnd soil types. 

Assist students in identifying the basic rock 
and soil types> 

Have each student identify rock and soil 
types from a series of circulating samples. 




rhysical and 

Chemical 

Pollutants 


i _ . _ 

List the ma^or chemical and physical pollu- 
tants and discuss the nature of these 
. pollutants. 


Manual of Individual 
Water. Supply Systems 
p. 5-13. 


Identification of 

rhysical 

pollutants 


Demonstrate how to identify turbidity with 
the measuring cup. 

AccH fit, ^-turfpnts in identifying physical 
pollutants from a suite of water samples . 
Water sp^ples* chould reflect the various 
pollutants: turbidity - 9 color, odor, taste 
and temperature, 
\ ' \ 

Outline the factors that influence the 


* 


Water Supply 
Sources 


Manual of Individual 


quality and quantity of a given water supply 
source . 


Water Supply Systems 
p. 13-20 \ 




List\ tfid discuss the characteristics of the 
vni'loijs watejf* supply sources. 


WHO Monograph #42 
Chapter 5. 




Demouytrat^evaluatiiig these sources in the 
field;, / 


WHO Monograph #4^\ 
Annex 4 (p. 271-275). 
also p. 39-42. 




Assigril students to groups of five. 






Assign \each of these groups to a three mile 






area.: 

i ; 
i 
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WATER SUPPLY SOURCES 
Lesson No. 2 
(Continued) 



T 



Have each group evaluate each source in its 
area in terms of 

1) location 

2) quantity 

3) quality. as determined from any 

Physical pollutants present and 

possible sources of contamination* 

Assemble groups to have each group report 
;on the feasibility of the water supply 
sources in its area. 
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WATER SUPPLY SOURCES 
LESSON NO. 3 



LESSON OBJECTIVE: 



Discuss developments that will improve the 
quality and yield of the various water 
supply sources . 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MATERIALS / 
RELATED REAPING 



.ater Point 



Recall the heed for water source developments 
and describe several of these. 



Demonstrate a method for determining the 
relative cost of a source development from, 
a list of its components and ah estimate of 
the labor cot" ; 



Supervise students in estimating the relative 
cost of basic developments for 

1) lakes and ponds 

2) streams and rivers 

3) cisterns 

4) springs 



Have each student describe and estimate the 
relative cost of a development for each of 
the four sources listed! above . 



WHO Monograph #42 
Chapter 5. 

Small Water Supplies 
p. 14-25. 

VTH #g!_p. 5-7* 11-13. 
WHO Monograph #42 
Annex 1 9 p. 297-310. 



Diagrams or charts 
these types of 
developments* 



of 
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SECTION 2 



WATER TREATMENT 



OVERVIEW: 

When the source of water supply 1s not entirely satisfactory treatonent 1s 
necessary to insure that the quality of the water meets certain require- 
ments. The trainees are Instructed 1n the basic requirements of water- 
treatment and receive detailed plans for the Installation of two simple 
yet effective treatment systems. 
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SECTION 2 WATER TREATMENT 

OBJECTIVE: Determine which of the potential water- supply 
sbureesare the nibst ecdhoinically feasible in 
terms of any treatment process requirements, 

TASKS: 1. Define minimal standards of concentration for 
each pollutant. 

2. Identify thenature and extent of pollution 
for each water supply source. 

3. Determine_which type of treatment system 
would most probably be necessary to reduce 
the pollution level of each source to a 
safe level . 

4. Determine the cost of a_ treatment process or 
processes for each source. 

5. Select the most economical source(s) in terms 
of capacity to serve appropriate numbers of 
people, and treatment process requirements. 

FUNCTIONAL SKILLS: 

1. Describe the four methods used in treating 
polluted water. 

2. Identify the relative costs of different 
types of treatment systems. 

3. Know the effect various pollutants have bh 
different delivery systems. 

4. know what pollutants make water esthetically 
objectionable. 

5. know what concentrations Jbf chemical pollutants 
and col i form bacteria constitute health hazards. 

6. Identify the factors that influence the future 
population trends of a given locale. 

7. Recb§hize_the relationship between number of 
water system users and treatment process capac- 
ities. 
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WATER TBEATMEf^ (cont.j 

TERMINAL PERFORMANCE TESTS: 

1; Given the designs for various types of treat 
ment systems, calculate with reasonable accu 
racy tne cost of each. 

2. Given aljstof pollutants, correctly list 
after each one, 1f applicable: 

a. In what circumstances It can contribute 
to the destruction of a delivery system. 

b. In what concentration It makes water 
esthetlcally objectionable. 

c. In what concentration It constitutes a 
health hazard. 
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WATER SUPPLY SOURCES AND TREATMENT 
WATER TREATMENT 



SELF PURIFICATION 
Under favorable condi 

or river, lake or_pond--will rid 1tse1f_of a certain amount of its pol- 
lution by means of natural processes. This self-purifi cation cannot de 
depended upon to bring about complete purification, but it may well im- 
prove the water quality sufficiently to- ease the load on mechanical pu- 
rification equipment. 

STREAMS AND RIVERS 



When sewage is discharged into water, a succession of changes in 
Water quality takes place,. If the sewage is emptied into a lake 
in which currents about the outfall are sluggish and shift their 
direction with the wind, the changes occur in close proximity to 
each other and, as a relult,_the pattern of changes is notcrisply 
distinguished. If, on the other hand, the water moves steadily 
av/ay from the outfall , as in a stream, the successive changes occur 
in different ri?er_reaches and establish a profile of pollution 
which Is well defined. However, in most streams,, this pattern is 
by no means static. It shifts longitudinally along the stream and 
is modified in intensity with changes in season and hydrography^ 

When asinglejargl charge^pf |ewage_ is poured into a clean stream, 
the water becomes turbidi-sunllght is shut out of the depths * and 
green plants , which by photosynthesis remove carbon dioxide from the 
water arid release oxygen to it, die off. Depending on the stream 
velocity, the water soon turns nearly black. Odorous sulfur compounds 

are formed and sdl ids settle, to the _ bottom _fqrmi rig a _ sludge. ^The 

settl ed solids soon decompose, forming gases such as ammonia ^ carbon 
dioxide, and methane or marsh gas. Scavenging organisms increase. in 
number until they match the_f pod supply. The oxygen resources are ' 
drawn upon heavily and, when overloaded, become exhausted. Lifq in 
such waters is confined to anaerobic bacteria_(which exist when ;no 
oxygen is available), larvae of certain insects such asmosquitoes, 
and a few worms. There are no fish; turtles are generally the only 
fprmspfhigher life present. This condition is known as the zone 
of degradation. 

In a second zone, or zone of decomposition, more sol ids settle but, the 
the water becomes somewhat clearer, and sunlight penetrates the sur- 
face . _ Oxygf ri is_absprbed from the .atmosphere at the ai r-water 1 nter- 
face permitting the establishment of aerobic (oxygen available) con- 
ditions. The aerobic bacteria continue the conversion of -organic 
matter into nitrates^ sulfates, and carbonates. These, together with 
the carbondioxide produced by decomposition as well as by bacteria 
arid pi ant 1 i f I, are food sources . •__ W1 th sunlight now penetrating the 
water, and with abundant food, algae begin to flourish and form a 
green scum over the surface. 
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In the third zone, or zone of recovery, algae become more numerous and 
self-purification proceeds more rapidly. Green plants utilizing car- 
bon dioxide and oxygen w1T I liberate in the say time more oxygen than 
1s consumed, thus hastening the recovery of the_streanu Simul tanebusly* 
the fish that require little oxygen . such, as__catf1sH_ahd_carpj are aHo 
found. As the dissolved oxygen increases, more types of fish appear. 
After recovery, in the. zone of cleaner watery fish find th^ stream high- 
ly favorable* as[ the ailgae suppbrt vaMous_aguat1c insects and other 
organisms on which fish feed. The water is clear, or turbid according 
to concentration of algae* and may have odor for the same reason- 
Throughout the stages of recovery of self-purification, disease organisms 
are greatly reduced in number because they lack proper food, and experi- 
ence unfavorable temperatures and pjj values of water. However, the - 
water is still dangerous since all disease organisms haye not perished. 

LAKES AND PONDS 

Self-purif1 cation in lakesand ponds is brought about by the same pro- 
cesses as in rivers arid streams. However, currents are not as strong 
and sedimentation plays a larger role, Large deposltsof sludge,_dead 
algae, and other organic material build up on the bottom. In deep 
lakes, self-purification is aided by seasonal "overturns." This 1s 
simply an exqharige of bottom water fbfsurface water* which occurs in 
the spring and fall, caused by the difference in the temperature of 
the water at the surface and bottom of dees lakes. 

STEPS IN TREATING WATER 



COAGULATION 



Turbidity 1ri watercbhsists bfflhely divided negatively charged col- 
loidal materials which are kept in suspension by mutual repulsion* 
Turbid water is difficult to clarify by filtration i because, these f1ne_ 
particlescan cause rapid plugging or even pass through a filter. The 
agglomeration of these col loids Into settleable or flltrable aggregates 
through the action of certain chemicals iscalled cbagulat1bn A Iron 
and aluminum salts are the most widely used coagulants in water treat- 
ment plants. 



SEDIMENTATION 

Plain sedimentation 1s the natural settling of solids heavier than water 
without the addition of chemical coagulants. Solids heavier thanwatef 
are held in suspension while in moving water, but gradually settle to 
the bottom as the water velocity is reduced. The time required to 

clarify water by sedimentation depends on the size of the suspended 

particles_and theif specif ic gravity,. Large and heavy particles settle 
in a few minutes once the water has become still, whereas very small 
particles such as clay and silt may remain in suspension for several 
days. 

Plain sedlmehtatibn ls not ordinarily used as a separate step in water 
treatment because the long period required for complete settling would 
call for an impractical number of settling tanks. Hgwever_,_1n emer- 
gency situations, such as the necessity of taking water from a swift- 
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flowino stream which is heavily silt-laden after a rainstorm* special 
sedirertatioh tanks may be set up as a first step^ This Initial re- 
moval o^ turbidity reduces the load on the coagulation and filtration, 
steps 61 the water treatment process, and the frequency of filter back- 
washing is reduced. 

FILTRATION ~ 

Filtration consists of passing the water through some porous material 
to remove the suspended impuri ties^ Filtration 1s one of the oldest 
and simplest procedures' known to man for revoving suspended matter 
from water and other fludis. 

The simplest form of water filter is the sand filter. This filter 
resemble! a small resefyd1r t _ the bottom of which is a bed of filter 
sand which in turn rests on a bed of well-graded aggregate with the 
largest size aggregate being at the bottom. An underdrain system of 
$1]e or brick is provided under the gravel _to collect the water from 
the filter area. The underdrain system consists of a header or main 
conduit extending across the filter bed. Means are provided for reg- 
ulating the flow' of water .out of the filter through this headerand 
also for controlling the rate of flow on to the filter. This allows 
the filter to be operated at controlled rates which should not exceed 
3.0 gallons per minute per square foot of filter area. An average, 
filter bed consists* of about 12 to 20 inches of gravel and 20 to 40 
inchef of sand. The depth of water over the sand bed varies from 3 
to 5 feet* 



DISINFECTION 



In addition tqcoagulatidri, sedini^htation, 5nd filtration, water must 
undergo an additional treatment stepj disinfection. This is neces- 
sary because no combination of the other three steps_can be relied 

upon to remove all Ldisease-producing organisms, the pH and temperature 
of the water, the presence of interferring substances* and the degree 
of protection afforded organisms, from thedisinfecting solution by 
materials in which they are imbedded. Therefore, various concentra- 
tions of disinfectant are required depending upon the local environ- 
mental conditions and the amount of particle removal effected. 

Chlorine is the most commonly used chemical for disinfection of water. 
It is employed in field water supply in the form of calcium hypochlor- 
ite, a standard item in the supply system (commercially known as HTH 
powder}.. When the calcium hypochlorite is dissolved, the chlorine 
goes into solution and a calcium carbonate sludge settles out. The 
chlorine is present in the solution as hypochlorous acid or hypochlor- 
ite ion depending on the piij, both of which are powerful oxidizing 
substances. The chlorine available in either of these two_fornis. 
rapidly oxidizes the organic and inorganic matter including the bac- 
teria in the water. In this reaction the chlorine is converted to 
chloride and is no longer available as a disinfectant. The organic 
matter_as well as such material" as iron and manganese consume the 
chlorine. The use of chlorine makes it possible to introduce an ac- 
curately measured dosage to insure the destruction of disease-produc- 
ing organisms as well as provide a readily measured residual to safe- 
guard against recontami nation- during further handling. 
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Chlorine Dosage 

Dosage is the amount of chlorine added to water to_|at1sfy_the 
chlorine demand as well as to prdv1de_fi_res1dusl after a speci- 
fied time. THe amount required to disinfect water varies with 
the organic content and pH value of the water f the temperature, 
the time of contact, |hd the_cmprine_residual required, The 
dosage is usually stated in terms of parts per million (ppm) or 
milligrams per liter (mg/l), In water supply terminology, ppm 
means the same thing as milligrams per liter or "mg/l". 

Chlorine Demand 

The chlorine demand of water is the difference bftween the quantity 
of chlorine appl led in_watef_ treatment and the total available re- 
sidual chlorine present at the end of a specified contact period. 
The chlorine demand is dependent upon the nature and the quantity 
of chlprine-cdnsuming present and the pH value and tempera- 

ture of the water (high pH and low temperatures retard disinfection 
by chlbri nation}-. For cbmparative purposes, it is imperative that 
alltest conditions be stated. The smallest amount of residual, 
chlorine considered to be significant ; s 0.1 ppm. The_relat1onsh1p 
of the demand to the length pfche contact period is discussed be- 
low. Some of the chlorine--consuming agents in the water are non- 
pathogenic (non-disease causing prganismsi but this bears ; no re- 
lationship to thefact that they contribute to the total chlorine 
demand of the water; 

Residual Chlorine ^ * 

As indicated above, .residual chlorine is the ampuntof unreacted 
chlorine remaining at a specified time after the chlorine compound 
is added. Chi brine in aqueous sol ut Ion is highly unstable. It ' 
may change quantitatively and qualitatively under numerous condi- 
tions^ including the presence of other elements or compounds; The 
total residual chlorine in the water can be chemically divided into 
the following types: 

1. ftit V ayajl a ble ftesi duaLcit l ori ne ; , This is the sum of the 
free available chlorine and the combined available chlorine. . 

2. Free available chl orine . Refers to hypbchlbrbus acid~ahd 
hypochlorite"*ion~present in the water. These are the most - 
effective disinfection forms of chlorines The free available 
chlorine is a rapid-acting type, important because itcanbe 
relied upon to destroy bacteriarelatlvely quickly, and thus 

is active cjuMnq th*» period immediately following chlorl nation. 
The relative amount of each present in the_water is dependent 
upon the "pU value pfthe water. It is Important to remember 

that when the pli is raised the quantity of free ayaiVable 

chlorine required to kil lthesame number of m1cro-organisms_ 
increases. With decreasing temperature the same situation of 
increasing dosane to maintain the,same_kill_is encountered. 
If the cbritact_time_1s._varied, then the dosage applied must 
also be changed. For example, tp shorten the contact time 
the dosage would have to be increased. 
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3. Combined available chlorine . This results from the presence 
of ammonia or organic nitrogen that will react to form simple 
chloramines. Thus the term "combined ayailable_chlbrine ,, __ 
arises from the fact that the chlorine has combined with an- 
other substance. CKloramines are aslofcer acting and less 
active form of disinfectant. Therefore, a much higher concen- 
tration than that_bf_free availab^ chlorine is needed- to pro- 
duce the same germ destroying effect. The specific chlora- 
mines present are also a function of pH. 

__i • r 

Disinfecting Time 

Chlorine_demand injiost water is likely to be largely. satisfied 
10 minutes after chlorine is added./ After the first. 10 minytes__ 
of chlori nation, dis1hfect1bn_cbnt}nues but at a diminishing rate. 
A standard period of 30 minutes contact time is used to assure 
that highly resistant or high di^vase-producing organisms have 
been applied. _G|ven a sufficiently large chlorine. content, and if 
certain other conditions are met, ^veh such special water_purifi- 
cation problems as the presence of amoebi\c cysts or schistosomes 
will be solved with. the 30-m1nute -contact period. 



DISINFECTION REQUIREMENTS FOR ENGINEER OPERATED FIELD WATER TREATMENT 
EQUIPMENT 

As has besri previously di seized, the efficiency of the chemical dis- 
infection process is dependent upon numerous factors which include 
the t$*e and concentration of micro-organisms, the pH and temperature 
_bf the water, presence of interferring substances and whether or not 
the organisms are protected from the disinfection sblut1bn_by being 
embedded in tissue cellf j_br_clumps_of tissue cells, or other material. 
Therefore, various concentrations of disinfectants are required. Min- 
imum concentrations of disinfectants are prescribed below. 

Engineer operated mobile and portable water treatment ynitiemplby 
coagulation arid filtration as a part of the treatment process and are 
capable;of_a high degree of removal of particulate material. When 
those units areemployed, sufficient chlori ne_will_be_added to the _ _ 
water* preferably_b|fpre_Cbagulat^on so that the residual in the finished 
water after 30 minutes .of contact will be at least as much as that indi- 
cated by the following table. 1 



TABLE 2: 

COAGULATION 

RESIDUALS 



pH 



5 
6. 
7 
8 
9 
10 



30 Minute Free Chlorine 
Rcsidoa ls in ppm — 1 



0.75 
0.75 
1.00- 
3.00 

5.00, 
5.00- 



\ 



If adequate provisions are not made for accurate and frequent measure- 
ment of pH, 5.00 ppm must be used. 
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The following guidelines were used 1h developing the above table: 

1. The water to be treated would be natural surface br^grbund 
watlf_pf_ average composition and hot grossly or deliberately 
contaminated. 

2. Water temperature would be above/ the freezing point* 

3. The prescribed concentrations of _ free, chlorine, should. proyldea 
reasonable tfargln of safety for all bacteria and viruses patho- 
genic to mani Parasitic ova would have been removed In the co^- 
agulation arid filtration steps of the treatment process. 

SAMPLE DESIGNS FOR TREATMENT SYSTEMS 

SAND FILTER • 



Sand filtration does not make polluted water safe for drinking. But 
a properly built and kept sand filter will prepare water for boiling 
or chl pri nation that wi 1 ] _make_ i t life. Trickll ng sand filters. If 
built properly and* cleaned periodically, provide clear water that, 
must be boiled or treated* with chlorine. 



The following tools and materials are required: 

Steel drum, 2 feet wide by 29 1/2 inches high 
Sheet metal to make cover, 29 1/2 inches square* 
9.8 feet of wood, 2 x A inches 
Sand, 7 cubic feet 
Gravel 

B]pcks_and nails_ 

Pipe to_ attach to water supply 

Optional .. .valve and asphalt roofing compound to treat drum. 

Surface water, from ponds, streams or open wells is very likely to be 
contaminated with leavesand other prganic_mattef . A trickling sand 
filter can remove most of this organic material but will always allow 
virus and other bacteria to, pass through.. For this reason it 1s al- 
ways best to boil or chlorinate water after filtering. 

There are severalsarid f 11 ters,_but_thc .trickling filter is easiest to 
set-up and understand. The trickling filter uses sand to strain the 
organic matter from the water, although this does not always stop 
|mall_picce| of organic matter or bacteria. But in time, biological 
growth forms on the top six Inches of sand. ' This slows down the flow 
of water through the sand but wi]1_ trap mgre snmlLoT9a n lc_f^xter and, 
at times, up to 95 percent of the bacteria. But if not operated cor- 
rectly, the sand filter can actually add bacteria to the wat^r. 

By removing most of the organic matter, the filter achieves /the 'follow- 
ing results. / 

_ / _-__--/- - - _ 

1, Removes larger worm eggs, cy$ ts , and cercariae* which are the 
hardest_tb killwith chlorine. ■ / 

2. Allows the use of smaller and fixeddbses of chlorine for dis- 
infecting, which results iri (flririfcable water with less taste of 
chlorine. ■ ! /' 
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BEST COflf AVAILABLE 



3. Makes the water look cleaner _ 

4. Rfduces_th|_ainoyHt_of_prgan organ- 
Isms and thtlr food, and the possibility of recontami nation of 
the water. 

the unit shown in Fig.: 21 should give about 1 quart of water a minute. 
The drum should be of heavy steel and can be coated with asphalt ma- 
terial so that It will last longer, the 2 millimeter hole at the 
bottom regulates flow and must not be made larger (slightly less than 
1/1 3th of. an Inch.) 

It 1s Important to use clean* fine sahdj but _nbt_tbo_f1nei__TH|_sIn"d_ 
should be able to pass through a window screen and it is best to wash 1t. 

The following points are very Important 1ri assuring that your sand filter 
operates properly: 

1. Keep a continuous flow of water passing through the filter and do 
not allow the sand to dry outs as thiswl 11 destroy the microorgan- 
isms that form on the syrface layer. The best way^ Insure a con- 
tinuing flow 1sjto fix*: the water tntajce so that there 1s always a 
small overflow. Screen the intake and provide a settling basin to 
hllp kefp pipes from becoming plugged^ whlch would stop the flow 
of water. This will also delay your having to clean the filter. 

2. Never allow the filter to run faster than O.f? gallons of water a 
minute per square foot, as It will prevent the growth of micro- 
organisms 1h the sand and wash them but through the outlet.— ~ 

3. Keep light from the sand surface but allow a1f to circulate* as 
thiswillpfeyint the growth of green ptant matter on the surface 
but help the growth of microorganisms that aid the filtering action. 

_'. * ___ _____ ___ ,_• 

4. When the flow drops below da jly;needs, clean the filter. This is 
done by scraping off and discarding the 1/2 Inch of sand aridllghtly 
flklrig of scratching the_surfac|. _Aftfr several cleanings, the sand 
should be raised to Its former height by adding clean sand. Before 
doing this* scrape the bid sand down i to a clean level. Cleaning 
should not be more often than every several weeks or even months. 

WATER PURIFICATION PLANT ' ^ 

A crude water purification plant 1s descr1bed which uses lauhdry bllach 
as a source of chlorine. Although lacking the reliability of a modern 
water system* this manual plant will provide s^fe drinking water,. Many 
factbfslh this system depend upon operating experience. When starting 
to use the system, tt Is best to have the assistance. of an engineer ex- 
perienced in water supplies. For constuuctlon details see section II, 
C. ■ . j • 

Operation 

1. Mix concentrated bleach with water in the concentrate barrel 
with all valves closed. 



/ 



2\ Fill the plpe from the mixing barrel to the solution tank with 
\water after having propped the float valve In a closed position. 

3. AHow a trial amount of concentrate to flow 1htb the mixing 
barrel by opening Valve #2. % 

4. Use the measuring stick to see how much concentrate was used. 

5. Close yalyef 2_and open valve #1 so that untreated water enters 
the mixing barrel . — 

6. Close valve #1 and mix solution In the mixing barrel with a 
_ stick. 

\i. Remove the prop from the float valve of the solution tank so 
that It will operate properly. 

8.' Open wide the metering valve and yalve #4 to clean the system. 
Allow a gallon to drain through the system. 

3. Close down the metering valve until only a stream of drops 
enters the funnel. 1 
, . \ . ........ 

\ (steps 2, 8' and 9 may be omitted after.the^first charging of 
the system* 1f the pipe mentioned 1n the second step is not 
permitted to empty before recharging the mixing barrel). 

10. Open valve *3. 

Trial and error must be used tbleafhhpw muchcqncentrate should be 
put in the concentrate barrel, the amount of concentrate to flow Into 
the mixing barrel and the amount of solution to allow pastthe funnel, 
the result should be water with a noticeable chlorine taste 1n the 
distribution barrel. 

The flow into the funnel and the taste of the water in the distribution 
barrel should be checked regularly to insure proper treatment. 



CHLORINATION FOR POLLUTED WATER 

Chlori nation, when properly applied, is a simple way to Insure and pro- 
tect the purity of water. These guidelines include table|_to_give_i 
rough indication of the amounts of chlorine bearing chemicals needed. 
The amount of chlorine specified will normally make reasonably safe _ 
water. Try to have your water treatment system Inspected by an expert, 
and the water itself periodically Inspected. * 

The surest way to treat water for drinking j.is.to boll it— see "Boiler 
for Potable Water". _ llbwfyer^under controlled conditions chlorinatjon 
1s a safe method, and often more convenient and practlcal than bolnng. 
Water properly treated Has residual freechlorine which resists ^con- 
tamination. Thechlorlne in water Is not harmful since water with a 

harmful amount of chlorine in it is extremely distasteful. Proper 

treatment of water with chlorine requires -some knowledge of the process 
and its effects. 
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When chlorine 1s added to j*ater, 1t_attacks and combines with any sus- 
pended organic matter as well as some minerals such as Iron. There is 
always a certain amount of_deid brgaM In water* and almost 

always live bacteria, virus, and perhaps other types of life. Enough 
chlprlne must beadded to oxidize all of the organic matter* dead or 
alive, and to leave some excess uncombined or "free" chlorine. 

Some organismsgfe mof^resistant to chlorine than others . Two parti- 
cularly resistant varieties are amebic cysts (which cause amebic d^sen- 
tary) and the cercariae\of schistosomes (which cause schistosomiasis). 
These, among pth^ of residual free chol- 

rine and longer contact periods than usual to be safe. Often special 
techniques are used to" combat these and other specific diseases. It 
always takes time fdrchlbrineto wpfk A _ Be sure that water is thr- 
oughly mixed with- an adequate dose of the dissolved cheffnca^ , c^f.d that 
1t Stands for at least 3D minutes before consumption . \ 

Since both combined and uncombined chlorine has an unpauwac 
It is best {arid safest) tb chopse the clearest water ayailable. 
settling tank, and simple filtration can help reduce the amount of 
suspended matter * especially particles large enough to see. Filtra- 
tion that can J>e depended _uppn_to_ remove all of the amebic cysts* 
schistosomes* and other pathogen normally requires professlonalstp 
set up and operate. NEVER depend on home-made filters alone to provide 
potable water. However, a home-madeslow sand filter is ah excellent 
way to prepare water for chlorination. 



taste, 
A 



Thus, depending on your water, different amounts of chl prine are_ needed 
for adequate protection. Measuring the amount of free. chlorine after 
the 30, minute holding period isthe best way tbcontrbl the process. A 
simple chemical test using a special organic indicator (orthotolidlne) 
can be used. When this is not available* Table 3 may fas used- 



TABLE 3: ^"EST^FQR PBOPER CHLORINATION DOSAGE 



Water Condition 



Initial Chlorine Dose in Parts Per Million (ppm) 



No hard-to-kill 
organisms suspected 



Hard-tb-kUl organisms 
present or suspected 



Very clear, few 
minerals 



5 ppm 



Get expert advice; in an - 
emergency boil and cool 
water f 1rst,jthen_use_5__ 
ppm to hel p • prevent- recon- 
tamihatlbn. If boiling 1s 
impossible, use 10 ppm. 



cbi h i h_the bottom 
of an 8 pz. glass of 
the water looks 



10 ppm 



Get expert advice; in an 
emergency, boil and cool 
first.- If boiling is Im- 
possible use 15 ppm. 
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In the chart, parts per million or "ppm" means the ratio of: 

l) 

In water supply terminology, ppm means exactly the same thing as 
milligrams per liter or "mg/V' 

The secbndchart, Table 4, gives the amount of chemical to add to 
lOOQgallons of water- to get a solution of 1 ppm. MultipH the amount 
of chemical shown in Table4 5y the number of ppm recommended in Fig A 3 
to get thf amount of chemical you should add to leOOgallons of water. 
Usually it is convenient to make up a solution of 500 ppm_strength 
which can then be further diluted tp giye the chlorine concentration 
needed. TheSOQ ppm solution must be stored in a sealed container in 
a cool dark place* and should be used as quickly as ppssiblesince it 
does lose strength.. Modfrn chlorination plants use bottled chlorine 
gas, but this can only be used with expensive machinery t>y trained 
experts. 



CONVERSION OF PPM TO 



Compound 


% by weight 6f_ 
active material— 


quantity to add to 
1000 gallons of water 
to get a 1 ppm solution 


High Test (Calcium hy- 
pochlorite) Ca(0Cl} 2 


70% 


1/5 ounce 


Chlorinated lime 


25* 


1/2 ounce 


Sodium hypochlorite 
(NaOCl) 


14* 


1 bonce 


Sodium hypochlorite . 


10* 


1.3 ounces 


Bleach - a solution of 
chlorine in water 


usually 
5.25* 


2.6 ounces 
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WATER TREATMENT 
LESSON NO. 1 

LESSON OBJECTIVE: Describe and demonstrate how to estimate the 

edit of the four methods Used in treating water. 



TOPIC 



I NST RUCTION AL PROCEDURE 



SUPPLEMENTAL MATERIALS/ 
RELATED READING , 



Treatment 
Processes 



ERLC 



Discuss the process of self -purification* 

List and describe the four basic methods of 
water treatment: 

1) Coagulation 

2) sedimentation 

3) filtration 
Z) disinfection* 

Outline the essential. components of sand 
filtration and two chlorination units. 

Estimate the costs of construction, operation - s 
and maintenance for these units. 



Manual of Individual 
Water Supply Systems 
p^ &4-33. 

WHO Monograph Series #12 
p. 171-193. 
Small Water Supplies 
p. 26-47 • m 
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WATER TREATMENT 
LESSON NO. 2 



LESSON OBJECTIVE: 



Define the pollutants that must be eliminated; 

(a) to provide esthetically pleasing and safe water; and, 

(b) to prolong the life of the delivery systems 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MATERIALS / 
RELATED READING 



Permissible 
Levels of Chemical, 
Physical and 



Pollutants 



ERLC 



List and describe pollutants that are 

1) esthetically objectionable 

2) health hazards 

3) contribute to the destruction of a 
delivery system. 

Establish permissible levels of concentration 
for each of these c pollutants. 

Recall the processes that will eliminate or 
reduce these pollutants • 

From a list of pollutants ^ have each student 
state the undesirable property (ies } of each 
and recall a method of elimination (if 



WHO Monograph Series #4i 
p. 46-54* 
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v WATER TREATMENT 

LESSON NO. 3 

LESSON OBJECTIVE: Define the criteria that must be applied in 

selecting the most economically feasible source. 



TOPie 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MATEP'AL 
RELATED READING 



Criteria of Water 
Supply Selection 



Review the basic requirements of a water- 
supply source. , 

Outline the criteria tobe used in the 
selection- of water supply sources. 



Small, Water Supplies 
p. 8-U 




SECTION 3 — - 



PLANNING THE DISTRIBUTION SYSTEM 



OVERVIEW: 



A water%_d1str1but1^ lafge prpject requiring greatexpense 1n 

tlmeand -capital . The health of the community will be affected by the 
results of the project.) The planning .of the project is necessarily of 
great Importance, so as to ensure an economic, efficient, and safe result. 

The trainee must be aware of the. effect!. that the exist1ng_facljlt1elj_ 
the community, the material and financial requirements, Impose upon the 
plans he must prepare prior to the startof the project. This section 
covers these basic requirements of the planning for a water distribution 
system. 
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THE D7 e9 r 0 yi SYSTEMS 



E; SSvelbpji plan for a distribution system which 
will meet the requirements of c the given community, 
utilizing the existing and proposed facilities. 

lr Assemble a list of existing man-made facilities 
and potential water sources. 

2. Determine average demand; peak demand ind when 

it occurs; Irid the capacity of the systw required 
to meet bot h the present and projected requirements 
of the community* 

3. List; the components and characteristics of the 
proposed system. These include: 

a. Water sou Cc, 

b. Pumping equipment ~ type of pump 

c. Capacity of distributing reservoir or storage 

d. tocatlbn of distributing reservoir with relation 
to service connections. 

e. Source of energy used in the system^__ . - -"" 

f. Pipe sizes ind. pipe l^injj^s'iem 

4. Chqose the rngft economical aiv 7 r^w'^il source 
from amon j existing and prbpr j.*J fo ., ^e*, with the 

^ ^fotTowi hg characteM sties : 

a. Supplies required Quantity 

b. Requires no treatment or very simple treatment 

c. System easily Installed 

d. located 1hl|Uch_a_pqs1t1on that gravity can be 
used as supply, energy ; 

5. Choose most suitable site for the ,system facilities. 
Choice guided by: ' 

a. Proximity, to and accessibility from residence 

_ <»_ _ _' j _ 

b. Safety frjom contamination 
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PLANNING THE DISTRIBUTION 



c. Safety from destruction 

d; Availability of room for future expansion 



6. Estimatf theexpected cost of construction, operation 
and maintenance, of the whokf system. 

7. Identify thesource of finance, amount to be financed 
and conditions related to the transaction. 

FUNCTIONAL SKILLS: 

1. Classify type of water sources 

2. Measure the yield of different water sources. 

<* • 

3. Draw topographic map. Estimate distance and scale ' 
thisj on a sketched map. 

4. Classify climatic types and stale construction 
precautions* e.g.* Tropical: heavy rain* insect 
pests i etc. : ; ■ 

5. Recognize useful local materials which can be used, 
instead of a relatively expensive imported one, e.g. 
bamboo pipes. 

6. Calculate projected population. 

7. Calculuce the capacity of a_itprage_tank_fram/Att 
5 oh population and rate of Individual consumption. 

8. State factors whicpdetennlne and guide the selection 
of pumping equipment. j 

9. Recognlje^b^^ make a distribution 
^— — — -reserWTr a necessity. 



10. necide what traditions can be changed without much 
iocial discontent and wtrlch must be contended With. 

11. Prepare a chart projecting\expected cojts of mater- 
ials and labor, and estimate the required amount of 

* money. 

TERMINAL PERFORMANCE TESTS: 

1. In a field exercise: 

a. Classify and measure yield of various water 
sources which exist 1n the area. 

b. Describe, the rest of the existing facilities i 
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PLANNING THE DISTRIBUTION SYSTEMS fcbnt.) 

c. Sketch the system oh a labeled map of the area. 

d. Classify climatic types. 

, «i List all local materials which can be use«s to 

i improve the system. 

2. In a given community: 

a. Estimate the present * and project the future 
population. 

b. Determine average daily demand, the peak demand 
and when it occurs. 

c. Calculate the capacity required by the population. 

3. From among many sources^ln the area, choose the 
best one to develop, and justify. 

4. Estimate the cost of establishing the proposed 
system, and prepare a platwfbr financing that would 
be feasible in a local Village environment. 
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WATER DISTRIBUTION SYSTEMS 

JTION SYSTEM 



DESIGN 

One of the most difficult and baffling problems in the planning of a small 
water-supplysystem for a rural community is the lack of criteria upon 
which a design can be based. The volunteer needs answers to such /questions 
as: "What increase should be allowed for future population growth?"; "Should 
proyisipn_be_made_fpr periods of peak demand?"; and "What about_storage?" 
Such technical questions have been thoroughly studied and standardized in 
textbooks dealing with design of water supplies for urban communities. 4 
However, for most rural , underdeveloped areas of the world, reliable design 

guides have not yet been established. Furthermore, certain elements of 

design are matters for local decision, depending on geography, local economy, 
custom, and other factors. 

The experience gathered fromseveral rural water-supply programs has been 
analyzed and is summarized below to serve only as a broad guide. It is 
realized that there are wide variations 1ri water-supply^ 
but the world and that everydesigner should not apply blindly the criteria 
listed here; instead, you should be able to make a critical analysis of the 
conditions and problems of the area under Itudy and should develop applica- 
ble criteria., Iri_so doing, you should contact the health administration of 
the area concerned with a viewHo consulting the minimum standards for de- 
sign and construction Which this administration may have issued through 
its public health engineering division. 

There is* however, general agreement on the following fundamental point; 
in thedesign of rural water-supply systems, primary consideration should 
be given to the protection of the quality of the natural _water_selected, 
since treatment should_be_cbnsidered only as the very last resort. This 
requires the incorporation in the design of necessary sanitary safeguards,, 
beginning with the proper location of intake structures and pipes. Except, 
in unusual _c1rcyTnstance|,_qther engineering and structural elements should 
be conceived around this need. 

Befbfebeginning the actual construction of a village water system, a well 
defined plan needs to be drawn. The water system, when completed, will be 
the result of a large commitment from all the local people, both in finances 
and_labqr._ To be sure that the system is what they want and heed, careful 
planning is a requisite. In planning the water distribution system, there 
are seven major categories to be defined. 

1. Existing Facilities: What already exists? How good is it? Can 
it be made part' of the overall system? 

2, Size and Nature of the_Cpmmunity? How many people will be users? 

How are ithey distributed? What customs or traditions do they 
have that must be considered in the overall plan? 
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3. System Capacity: How much Water Is heeded dally? \When are the 



peak demands? 



v 



4. Water Source: What type of _sdurce_w1 11 provide the Viost economical 
and satisfactory water for thn system? j \ 

5. :Proposed System: Location of facilities, pipes* outlets, etc. 

6. Site of ProposedFacilltles: An outgrowth ofi the proposed system § 
What problems will there be ir obtaining the land needed for the 
proposed facilities? j 

7. Financing: How will the materials be obtained? Will thi^ project 
.be financed by government, cocoperatives, on a cost basis Vetc? 

FVI STING FACILITIES ! \ 

From data collected in Section I, you have already quite fully analysed the 
types of .source! .available*, and _eva]uated_e£Ch_as_a potential water source 
for a water system. How, yoq need to concentrate, on rpatching the sources of 
water to the existing cbninuhity. This 1s accomplished by: [ 

U Adding to the topographical I map el ready started, the distribution 
of the users in the community. \ 

/ \_ - 

2. Considering local customs and traditions regarding water uses* arid 
needs. \ 

3. From (2) above* calculating system capacity requirements t arid \ 
system proposals to satisfy those requirements. I 

SIZE AND NATURE OF THE COMMUNITY ' 

• - - 

The proposed water system has to be bullet around the customs and tradlti *_ 
of the community it will be serving. For example »__1f the sccia] patternslof 
the community are tjullt.aroiind family ^ructures, the system should strive 
to provide sources of water to families, and not to the community through! 
centrally located water distribution facilities. 



In many developing countries there are some traditions which appear "primitive" 
to western culture. For example, 1n most parts of Africa, men swim upstream, 
r arid^wbmeri_ddwristr^am. Or men first, then women. !n_ Moslem countries womeri 
do not. appear in public unveiled. For an outsider, Peace Corps are outsiders, 
to institute an acceptable riew systemin such areas, hehas to study very ! 
carefully all such traditions and then modify his system to suit the com- 15 
mariity. If he cannot adjust the $yster, he should "^y to get his point 
across by explaining to the pebplMor their representatives) why it is 
Important that he interferes with 'their life. Tor example: in the Moslem 
cormiunity cited, the best pflah would be to distriNte water Into he uses 
iristead of establishing public wells. It mast be e Tp';asized that in order 

to establish the most effective p; n, a thorough . jdy. of the community j 

must be done by the planner. Usually a_di|cussiqn with thelocal authorities 
will y'eld a good result. Remember, when help is imposed from above, it . 
ireets with resentment and failure. 
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In describing the community, care should be taken to determine population, 
both present and projected. 

Population growth 1s determined by: 

1. Future economic developments In the community. 



2. The cnaracter and location of the community 1h relation to other 
population centers. 

3. The presence or possible Introduction of small Industries Into 
and around the community (the Installation of water scheme itself 
will cause population growth.) 

fs ccrsnon acceptable estimate for future population growth In most rural 
erris* 1s a 50% Increase 1n population over a ten year period* or approxi- 
mately 5% per year* This should be the minimum figure upon which the 
rural water-supply design should be based. 

If this estimate appears too high for a particular situation, the system 
should be designed for present population 1n a way as to allow for future 
expansion. 

Example bh projecting population: 

Original population 

Increase over lOyear period 50% bO.QQQ 
Projected population in 10 years 150*000 

Relationship between population and storage Capacity: 

The required capac 4 .y f ' * a storage tank equals half the total daily 
Water requirement. 

Total daily water requirement » average demand x population + larger users. 

j t 

(La-ge users would Include public centers, schools and factories. If 
theue are hot 1n the community, chen the last term 1s left out; 

Storage Capacity « l/2[average demand x design population + large users] 
SYSTEM CAPACITY 

The methods for evaluating each type as a potential w ^er system source was 
covered h Section U For each source you will have to determine Its yield. 
This is the ^xlmum quantity of water that ««• be drawn f ™ a fource in a 
g,/lh p«Hou of time: To calculate the ylelc for a source of water you. 

1. Draw a measured quantity of water from t..e source; 

2. Time how long 1t takes ci.e source to replenish the drawr quantity; 

3. Divide the amount of water drawn by the time taken to refill. 

Yield is usually ;ta**»H in aallons oer minute. Below are examples for 
estimating yield tor -arious types of water sources. 
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Flg. 24 Cistern Catchment Yield 
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a. Cistern Catchment Yield 

To estimate your catchment area the minimum yearly rainfall and the 
amount of water required by the family during _one_ ;r jaf j_must be esti- 
mated. Spmetlmesj the government meteorological section :an give you 
the frlnlmum rainfall expected. If they do hot* you can estimate the 
minimum rainfall at two-thirds of the yearly average. Take the average 
amount of water needed by the family for one day and multiply it be 
365 to learn how much is needed for one year. Then use the chart to 
find how much roofspace is noeded (Fig. 24 )... Suppose you have a 
rainfall of 60 Inches a vear and the family needs 20 gallons a day. 
then... 7 

2/3 x 60 equals a :. uirtm raihfSIl of 40 inches a year 

365 days x 20 gallons a dt ■ ^ouals 7300 gallons a year 

Thechart shows that a catchment area of aboyt 300 square feet 1s 
needed to supply the family with enough wat ° for one year. 

b. Yield of Small Streams 

This is a rough but very rapid method of estimating water flow for 
small streams. The number of streams that must bemused and the flow 
variations are Important factors determining the necessary facil-_ 
Ities for utilizing the water. Ksre is a_way to flirvfya water supply 
problem quickly by allowing you u> take rapid flow measurements. 

The equation for stream flow is — g » K x # x V 

Q ■* flow in gallons per minute (S.33 pounds « 1 gallon) 

A * cross section of stream, perpendicular to flow, in square feat. 

V » stream velocity, feet per minute. 

K « a corrected conversion factor since surface flow 1s normally 
slower thah ayerage flow. For normal stager use K « 6.4; for 
flood stages use K * 6.7 to 7.1. 
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F1g. 26 Cros s Se ction of Stream 



To find "A" . . . the stream will probably have different depths along 
its lenqth so select a place where the depth. of the stream is aver- 
age. l!tlke a melsurlng Stick and place 1t upright \"the water about 
one foot from the bank. . .note the depth of water. ..move the stick 
two feet from the bank in a line directly across the stream... note the 
ill depth., move the stick three feet -from the bank, note. the depth, 
and continue movlnq it -t one-foot lengths until you cross the stream. 
Draw a grid! like the one above, and mark the varying depths on It so 
that a cross-section of the stream is shown. A scale of one Inch 
equals one foot is often used for such grids. By counting the grid 
squares and fractions of squares, the area of the watery beestr 
mated. For example, the grid shown here has about 15 square re" ot 
water. 

To find "V" out a float in the stream and measure the distance of 
SaJel 1n one Snute " (or Action L cf a ^nute. lf necessary ) The 
width of the stream should be as constant as possible and free of 
rapidS, wh»n measuring the velocity. 

Example: 

Cross section i : 15 scuare feet. M ;-zi 
Velocity of float =25 feet traveled 1p 1/2 minute 
Stream flow is normal 



q = f.4 x 15 x 20 feet 
.5 minute 



3800 gallons a minute 



WATER SOURCE 

Factors to be considered In the selection o- a water source Include the 
following: 

a. Purity of the source. 

b. Proximity of the sourrs: tj the community 

c AH!t. 4 de of source above service connections 
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d. Temperature variations of water from the source. 



Guide to choosing a source: 

First choice, a source that 

- requires ho treatment 

- uses gravity for distribution energy 

- requires minimum maintenance 

- 1s cheap to develop 

- e.g. springs 

b. Second choice, that which 

- require no treatment 

- but must be pumped out and Into the -aptly lines. 

- eg. wells. 

c. Third choice that which 

- requires simple treatment 

-uses gravity for distribution energy 

- e.g. catchment cisterns. 

d. Fourth choice, that which 

- squires simple treatment 

- must be pumped 

- e.g. rivers 
PROPOSED SYSTEM 

SELECTING SITFS FOR THE SYSTEM'S FACILITIES 

1. Source - must be near to the LCdmSiunlty (see above). 

2. Pwnp station •should be above the highest probable fVooC level; 

or be suitably protected against flood. 

- should be accessible at 11 times 

- should be largeehough. to meet future expansion. 

- should have suitable topography 

- should be well protected from possible sabotagere.g. 
•^_ei_ *1ng_1t_ within an Industrial type wire fence 
with a indeed gate. 

3. Storage Tanks - should be cehtrally located 

. possible, should be put on the highest ground in 
the area. 
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PUMP SELECTION 



The most Important considerations 1n selecting a pump ere* 

1. Ihe skill of the operators and maintenance men available 

2. The initial cost of pump and driving equipment 

3. The cost of Operation and maintenance 

4. The capacity and lift required 

5. Availability of power to operate the pump - a -n-- 

6. The sanitary features of the .pump! available [.conrorxlally; 

7. Type of source 1ri which the pump 1s to be Installed! including the 
. depth of static water level from ground surface. 

8. Reliability of equipment, and availability of spare parts. 

Th- following 1s a general guide to the selection of pumps for rural 
water-supply systems: 

1 . Structure of the pump 

a. m movable parts above ground and easily accessible are easy 

tc maintain. Suitable for arear with no skilled maintenance neo 

b. If skilled maintenance men are available, first choice should Be 
pumps with submerged cylinders. 

2. Type of power available; Power-driven pumps must be of high effi- 
ciency to reduce the cost of power. 

3. Design of the pump: The pump design should be flexible enough to 
be used in a wide range of sources. There are some purops^whlch 
must operate under the conditions for which they were designed,, 
e.g. deep-well turbine and centrifugal pumps . 

4. Repairs: The selected pump' must be of a type for which repair and. 
replacement parts are easily obtainable. 

5. sanitary Standards : ..The -pump-aifd" equ1 pine.it must be constructed as 
to prevent con tami nation of Water either at source or enroute to 
storage. Specific sanitary conditions to be considered: 

a Pump head should be designed to prevent contamination from 
environment from reaching the water-chamber of the pump 

b. The base : ■"•'Yd be waterproof. 

c. The pump should not need priming 

Information required when ordering or Inquiring abut a pump. 

1. The inside diameter of *ole or casing 1n which the pump is to be 
Totalled. 

2. fhe static level of water 1n well, measured -'rom ground level. 

3. The desired output <n gallons per mi:.dte. 
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TABLE; 5 ; ADVANTAGES A ND DISADVANTAGES OF VARIOUS TYPES OF PUMPS 



POSITIVE DISPLACEMENT 



Usual well I 22-25 ft shallow 
pumping Sell; up to 
depth (ft) I 600 deep well 



Capacity 
Gallon?/ 
Minute 



Efficiency Jaw; can.be 
range (J) proved with 



Maintenance. 



Cost 



3-15 



Very Staple 



Simple, but val- 
ves and plunger 
require atten- 
tion; more dif- 
ficult when pump 
c iinde? is in 
tiv v '1 



tow, but higher 
when cylinder 
is in the well 



motor.-wind dri- 
ven, plunger type 



22-25 ft shallow 
well; up to 
goo deep well 



10-25 



tow; can be im- 



25I-60X 



chain or contin- 
uous bucket 



Depends on valve 
being lifted and 
type of power 



4-20 



Low 



Simple 



as. 

pump; mainten- 
ance of motors 
sometimes diffi- 
cult In rural 
areas 



Low, but higher 
when cylinder is 
in the well 



VELOCITY 



centrifugal 



10-20 ft 



Very wide 
range: 2 to 
unlimited 



Good; 
505-851 



Simple, bud 
attention is 
necessary 



deep-well 



50-300 ft 

pr J 



jet 



Very. wide 

range; 

25-5,000 



^ood; 
65I-80X 



More difficult; 
needs attention 



More difficult 
and constant; 
skilled atten- 
tion is neces- 
sary 



15-20 ft below 



5-125 



Low: 401-60J 



Simple; air locks 
can cause 



Reasonable 



Simple, but 
attention is 
necessary 



Higher, espsj- 
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TABLE 5 (Cor , , .ANTAGES AND DISADVANTAGES OF VARIOUS TYPES OF PUMPS 




POSITIVE DISPLACEMENT 


VELOCITY 




Types of 
pumps 


hand pumps * 
plunger type 


mowr» winu un- 
ven, plunger type 


rhxln hr rnntin* 

WHO 1,11 U] VyU*M' 

uous bucket 


centrifugal 


deep-well 
turbine 


jet 


Power 


Hand or animal 


Hind, motor 


Hand, animal, 
wind, motor 


Motor 


Motor 


Motor 


Advantages 


Low speed; easily 
understood by 
unskilled people; 
low cost 


Low cost; sim- 
ple; low speed 


Simple; easy to 
operate and 
maintain 


Eff'^Mt; 
wide ,*nye 
of capacity 
and heaJ 


Good for small - 
diameter bore- 
holes; ease of 
operation 


Moving parts on 
surface; ease of 
operation 


Dis- 
advantages 


Low efficiency; 
limited use; . 
maintenance 
more difficult 
when cylinder is 
In the well 


Low efficiency; 
limited use; 
maintenance 
lore difficult 
when cylinder 
Is in the well 


Lew efficiency; 
limited use , 


Moving parts 
and packing 
require 
attention 


Moving parts In 
well; rather ex- 
pensive; requi- 
res good main- 
tenance and op- 
eration 


limited appli- 
cation; low effi- 
ciency; moving 
parts require 
attention 
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4. The lowest water level expected during pumping. 

^ j " ■ '* 

5. The desired water pressure at ground level. 

6. The type of power available (If electric, specify voltage, phase, 
frequency ^ etc.) * 



7. The total depth and nature of source. 
PUMPS. AND PIPES 

Generally, pump size determines appropriate pipe sizes, and vice versa. 

I 

Pumps. 

The types most commonly used In small community water systems 
are: 

1. Hand-or /power-operated reciprocating pumps with the cylinder 
' above the grcund. 

2. Power-ojlerated centrifugal pumps with pump mechanism above 
grounds; 

» 3. Hand-power-, or wind-operated reciprocating deep-well puSps, 
with cylinder 1h the well. 

4. Deep-well turbine pumps driven either from the surface or from 
• a submersible electric motor. 

5. Jet primps, power-drlveri at surface. 

6. Hydraulic rams 

7. A1r-I1^t pump, operated by power-driven compressor on the 
surface. 



Classification; c|f pumps (see Table 5 ) 

ly Displacement a) Reciprocating 
• b ) "Rotary 

| c) Chain 



V 



3. Airlift 
4* Hydraul 



f 

b) Jet 



2. Velocity a) Centrifugal 



1c rams 



Where various pumps are used: 

1. Reciprocating plunger - 1h wells mainly. The most commonly used 
pump. s 
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2. Semi-rotary pums - for low 11ft - e.g. from welU arid cisterns 
to overhead tanks. 

3. Rope-and-bueket systems - in open duo wells. Either hand or wind- 
less operated. . 

4. 'Chain-bucket pump - Jn open dug wells. 

5. Chain-and-plag bucket. 
Multicellular band pump. j 
Centrifugal pump - in deep y^lls. 
Jet pump - in deep wells. ^ 

Ajirji ft pumps. - in drilled wells and wells with Irregular sides* 



Ajirli 
ajlsf 



for pumping muddy water. 



10. 



Ijfcfraulic Rams - In springs, streams arid rivers. 



Examples of various pomps. 




tZ ZZXLt^Son b.ew..n ran, and SgSA prtnt ao which wa t ,r i, to b. 

vnted— pumping head * 

E ri T6tal length of supply pip* _ _ : : _ -j— 

F * Suhd-plpe. neceuary in cue of exceedingly long drive pipe 



problem. 



/ 



and E It rt*e*»»a<7, With 
fallibility, ate 



Fig. 27 Hvdraul 1c Ram 
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Fig. 28 Typical Ihstal latibri of Jet Puhip 
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B 


A - Water being return- 


A 


ed Irpm pump above 


B « 


8 - Water from well 


c ~ 


being incited up into 


O - 


throat (D) by high. 


E 


velocity discharge 




(C) 


Q 




H 



jei membjy 
Water line fr< 
Rising water 



Discharge pipe _ _ _ 
Height of water puthed by Jf_t__ 



o. 1S-20(t) 



Fig. 29 Displacement Pump Operation 




A - Down-stroke: Cylinder above plunger nil* while *alve at base of cylinder doses, and valve In plunger 

B - Upstroke: Cylinder full of witer aj>ove jWun t er_is ^ 

pUmp opens, r.mng cylinder below pluogrr. A, plunger rises, a vacuum is formed below, pulling water 

__ihio the cylinder, : _ : ; 

When the cylinder Is above ground, a foot valve is necessary to avoid pri img. 
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AJaricd by kind pertniition Trom ^-r. im. F. D. A Enwry. T. i. <i*42> ^-rfcT* H-mbr,,' umt Mm fintr,' No I. 

St» >i>f^. P. 2741. " 



F1i. 20 Elementary, Single Acting Force Pump 

» the foot and bucket valves the lift pump, a *tad valve is provided., 
jn operation, durlnj t^ie up-ttroke^atmoipherlc pressure 'orCes water into _the cylinder; 
down-ttroke. this water is trahsferrea from the lower tO the upper side of the piston. 



F-g. 31 
Centrifugal Pumps 




This is the be»t and simplest arrangement for centrifugal pumps. Power whit may be 
electric motor or internal combustion engine. 

Belt-driven centrifugal pumps are common but introduce belt maintenance. Necessary 
in order to f et the correct ehfihe.pump speed ratio. 

Tht» manufact ur er *' recommendations for operation and mainten* 



owed. 
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3. Choose a pipe size, so that velocity through it will be about 6 
feet per second. 

4. Estimate the pipe friction loss "head" (ID foot "head" represents 
the pressure at the bottom o f _a 10 foot high column of water) for 
both suction and discharge piping, using the following table. 

TABLE 6 Average friction loss for water flowing through pipe when velocity 
is 6 ft. /second. 



Pipe inside 
diameter 


1" 2" 3 r 4" 6" 


8" 12" : 24" 


F = approxi- 
mate friction 
head (ft.) per 
100 ft. pipe 


16 7 5 3 2 


1 ,/2 1 1/2 



l- ii — -i - F x length of pipe 
Friction boss Head •= ^ 

Any bends, valves* constrictions, and enlargements (such as pessihg 
through a tank) add to friction. The equivalent pipe length of 
such "fittings" in the pipe line should-be added to the pipe length 
used in the friction Toss equation. 



5. Obtain "Total Read" as follows: 

Total Head = height of lift + friction loss head. 

Using a straight edge connect the proper point on the "Total Head 
(ft.)" line with the proper point of the "Discharge .U.S. .gallon/ 
minute" line. Readmptprlhorsepower and pump size (diameter of 
discharge outlet), choosing the printed values just above the 
straight edge. 

Note that water horsepower is less than motor horsepower. This is be- 
cause of friction losses in the pump and motor. The nomograph should 

be_used for rough estimate only. For an exact determination give all 
information on the flow and piping to the pump manufacturer. He has 
the exact data on his pump for various applications. Pump specifica- 
tions can be tricky especially if suction piping is long and the suc- 
tion lift is great. & 

Example: 

Desired - to pump 100 gallons/minute 50 feet high, no fittings 

Pipe Size - 3 M _(for 6 feet/second) : 

reference^ Handbook entry "Velocity of Water in Pipes" 
Friction loss head - about 3 feet. 
Total head - 53 feet. 
Pump_size_-_2" 
Motor horsepower - 3 H.P. 
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If you plan to use human power for the pump, figure that a man can 
generate about 0.1 tl.P. for a reasonably long period and 0,4 H. Pi 
for short bursts. From this and the total head, you can predict 
the flow you should design the hand pump for. 

Pipes 

Most commonly used pipes are made of: 

a. Galvanized wrought-iron and cast iron 

b. Asbestos _ 

c. Transite (mixture of cement and asbestos fiber) 

d. bead 

e. Copper 

_____ f .._ P.laslic _^ . - — 

g, Bamboo stems and other related tropical plants 

h. Wood-stave, made but of light wood 

Measuring diameters:- The diameter of a pipe 1s determined by 

measuring the inside diameter. 

FINANCING THE PROJECT 

The stock reply to questions about financing is that the country, state, 
province, or community concerned 1s too poor to afford the cost of needed 
improvements. Upon investigation, however, It often- turns out that public 
money is being spent for projects which are of much less Importance and 
which cannot possibly give tbesame returns as tbpse obtained when the 
same amount of funds is invested in the construction of public water- 
supplies. There is usually a way to obtain long-range financing for rural 
water-supply- programs if _the_1ndiv1duals concerned with the problem will 
look far enough for a good case to present to their legislators or to 

financial institutions,. Long-range plans have been effective In many „ 

countries throughout the world, both in: the Western and Eastern Hemispheres. 
Most of them are the result of the work of a few people who have succeeded 
after painstaking efforts, in convincing the right government or bank of 
the importance of sanitation work. 



In almost all successful programs, federal or central governments have 
shouldered the responsibility for financing the. construction of small rural 
water projects. In many cases this decisionwIH have been made by the 
time you begin.__Because of the lack of credit on the part of most rural 
towns and villages and the. absence of a system of financing public works 
through direct loans from pr1vate_bariking1nst1tutions, the central govern- 
ment must usuallyflll the role of provider of funds. In some places the 
states or provinces co-operate- In many countries, the normal pattern 1s 
for the central government to loan the necessary funds directly to a local 
cofttiiunity at a low rate of interest or to make a partial grant. w1tb_the__ 
community and state jointly, supplying the remainder. Loans or grants are 
made on the ba|is of projects presented through proper channels for approval 
by state or federal engineers.. A sanitary engineering section ina central 
health department would be quail f ledand might be available to provide this 
technical service to rural communities. 
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If _ybu_plari to use humah_pdwer_fOf the pump, figure that a man can 
generate about 0.1 U.P. for a reasonably long period and OA H.P. 
for short bursts. From this arid the total head, ybli can predict 
the flow you should design the hand pump for. 

Pipes 

Most commonly used pipes are made of: 

a. Galvanized wrought-iron and cast iron 

b. Asbestos _ _ 

c. Transite (mixture of cement and asbestos fiber) 

d. bead 

e. Copper 

f.._ Plastic . - — 

g, Bamboo stems and other related tropical plants 

h. Wood-stave, made but of light wood 

Measuring diameters:- The diameter of a pipe is determined by 

measuring the inside diameter. 

FINANCING THE PROJECT 

The stock reply to questions about financing is that the country, state, 
province, or community concerned is too poor to afford the cost of needed 
improvements. Upon investigation, however, It often- turns out that public 
money is being spent for projects which are of much less importance and 
which cannot possibly give thesame returns as those obtained when the 
same amount of funds is invested in the construction of public water- 
supplies. There is usually a way to obtain long-range financing for rural 
water-supply- programs if theindividuals concerned with the problem will 
look far enough for a good case to present to their legislators or to 

financial institutions. Long-range plans have been effective in many . 

countries throughout the world, both iir the Western and Eastern Hemispheres. 
Most of them are the result of the work of a few people who have succeeded 
after painstaking efforts, in convincing the right government or bank of 
the Importance of sanitation work. 



In almost all successful programs, federal or central governments have 
shouldered the responsibility for financing the. construction of small rural 
water projects. In many cases this decisibnwill have been made by the 
time you begin. _Because of the lack of credit on the part of most rural 
towns and villages and the. absence of a system of financing public works 
through direct loans from pr1vate_bariking1nst1tut1ons, the central govern- 
ment must usuallyfill the role of provider of funds. In some places the 
states or provinces co-operate. In many countries, the normal pattern is 
for the central qovernment toloan the necessfary funds directly to a local 
cofttiiunity at a low rate of interest or to make a partial grant, with_the__ 
community and state jointly, supplying the remainder. Loans or grants are 
made on the batisbf projects presented through proper channels for approval 
by state or federal engineers.. A sanitary engineering section in a central 
health department would be qualified and might be available to provide this 
technical service to rural communities. 
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FtAwriiiie the DistiiiBufioN systems 

LESSON NO; 1 

<* 

LESSON OBJECTIVE; To determine existing facilities which may 
be useful ar. part, of the planned system. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEfciEMXAL MATERIALS 
REL A TED RE ADING 



*ater Sources 



tanps 



ipee 



ioographic 
Locations 



Lecture on various types of possible water 
sources and their characteristics. 



Show how to use t abler, in determining the 
yield of a source. 



Demonstrate how to measure velocity of water. 



Ask students the conditions under which a 
pump is necessary to distribute water. 



Briefly mention pumps used in large systems 
(stress it is not the concern now); 



Lecture on the characteristic features of 
pumps most often used in Rural Water Supply; 



Ask students to name materials most commonly 
used for pipes. 

Add local materials omitted by the students. 
Demonstrate how to measure pipe diameters/ 



Show general areas where the Peace Corps 
will goi v 



Pictures of various 
sources; Chart on 
characteristics of source 

Water sources, floats, 
current meters, weirs, 
tables on yield. 

Individual Water Supply 
Systems, p. 24-52. 

Models of _ pumps. 
Photographs and /or 
drawings of pumps.. 

P^?rt_giying_character- 
istics of pumps. 
WHO Monograph Series #42, 
Chapter 4. 



Samples of pipes from 
various materials, 
measuring Scales & gauges 



World Map 

Atlas of climatic regions 
of the world, showing: ' 
relief, vegetation, 
seasonal rainfall and 
temperature distributions* 



ERiC 
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I'LANNING THE DISTRIBUTION SYSTEM 
Lesson Kb* 1 (Continued) 



Local Materials 



Lecture on climate of each region. 

Discuss in class possible hindrances to 
.construction work. 

Group them on the board under causr*tives. 

Lecture on _trade-off _valuesj e.g., quality 
vs. expenses to achieve convenience* 

Discuss in class the materials which can be 
adapted to suit an improved distribution 
system. 
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PLANNING THE DISTRIBUTION SYSlEftS 
LESSON NO. 2 



LESSOR OBJECTIVE: To choose the most suitable source for development 

J - : 

! and select a suitable site for the system facilities. 



TOPIC * 


INSTRUCTIONAL PROCEDURE 


SUPPLEMENTAL MATERIALS 
RELATED READING 


selecting Water 
Source 


Discuss the possible combination of ' 
characters n source can have. 


Section bri Sources, 




fcet each student draw the character! sties of 
the source he would choose first. 






Discuss the feasibility of each proposal. 






Formulate a guide to quick choices, 

■ 


WHO Monograph Series #42 
pp. 34-35- 


lecting the 
te 


Discuss the importance of proper locations 
of facility sites. 

Draw a guide to site selection,, 


Suggested Design Criteria 
for Waterworks in 
Recreational Areas, 
Sections -2*4 and V3* 



\ 
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PLANNING THE DISTRIBUTION SYSTEMS 
LESSON WO. 3 | 

LESSON Oi3^€CTIVE- To select pumping equipment most suited 
for use in rural areas. 



TOPIC 



INSTRUCTIONAL PROC EDURE 



SUPPLEMENTAL ^MATERIALS / 
RELATED READING 



Oh.-trac tori Sties 
of i : umps 



Ask students to recall characteristics of 
pumps ; 

Discuss oith students what would be the best 
guide criteria for choosing a pump i ^ 



Section on character- 
istics of pumps • 

Pumps and/or pump 
models . 



ERIC 
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" ' PLANNING THE DISTRIBUTION SYSTEMS ^ 

- - L ESSOIN NO. 4 

5SON OBJECTIVE: To describe the community to be. served; 

snecif ically, theV' aspects that affect the plan. 



TOPIC 



'_ INSTRUCTIONAL PROCEDURE _ _ _ 
i ? 

Lecture cri hbW to er»tiihate; t.he population of • 
a community. * 

Show how -to calculate projected population 
and relationship between population and 
demand. y 

Discuss the importance of long established 
traditions. ^ | 

Discuss what traditions, axe iJr^cely to clash 
with the planned system arid How to avoid 
such a clash. 

Discuss the connection between occupation and 
water demands. ^ 

Relate type of houses to distribution systems 

Compare availability of skilled labor in U.S. 
to undcr-fieveloped cbuhtri.es. 

■_ _. V 

Discuss how to select workers for the prfcject 



SUPPl^ttERTAL -MATERIALS :' > 
RELATES REAPING 



. 1 « t,i oh 



it ions and 
1 iiti'uoture 



ic Standard 



WHO Konogroj.il :><;r1'::r 
p. 42-43- 



/ 



> A * 
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PLANNING THE DISTRIBUTION SYSTEMS 






LESSON NO. 5 




LESSON OBJECTIVE: 


To prepare a chart projecting expected costs 6i 
material and labor. Estimate the required axnos 




money and how to raise the money* 




TOPIC 


: INSTRUCTIONAL PROCEDURE 




Cost 


Discuss how to estimate the cost of the 
project* 




FinGfiicing 


Discuss various methods. 
















\ 








* 

. — i 

\ 

• 
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SECTION 4 



riCS Ql-AN-ADEQUATE SYSTEM 



OVERVIEW: 



There are many technicc.1 problems and factors tb.be considered in the 
design of a_distributidn syster 1 . The layout of the system^ the sizes of 
the pipes, the loss of pressure, and many other factors mast be considered 
in the actual planning of the system. 

This section provides the trainee with an understanding of the^character- 
istlcs of an adequate system, Uith this_uhderstandihn he will^e able_td 
plan Uie technical aspects of the project and avoid mistakes in x ttie con- 
struction phase of the program. V 




BEST COPY AVAILABLE 
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CHARACTERISTICS OF AN ADEQUATE SYSTEM 

OBJECTIVE: Define and evolve a detailed plan for the con- 
struction of the basic components in ah adequate 
system. 

TASKS: 1. Draw to seal e_ the plan and profile 11 lustra ting 
the relative locations of the component parts 
of the system. 

2. Prepare a detaijedaccpunt of the characteristics 
of the_cHosen source, and state how it is to be 
developed. 

3, Analyze data (collected in Section 1} and decide 
what type of treatment processes are required. 

« 4. Describe how water will be transferred from the 
source to i treatment plant or dlstflbutlpn reser- 
voirs, and the sanitary precautions to be taken. 

5. Describe the safety_prlcaut1pnl_Vp be taken 
during' the construction and operation of the 
treatment plant; i.e. i to avoid recontaml nation 
and protect personnel . 

6. Determine the storage requirement for the system. 

7. Based on the location of the tank* select the 
materiaHs)-tb be used In Its construction. 

8. identify sanitary and servicing prdvlslbnstd 
be followed 1ri constructing the storage tank. 

9. Decide which system of distribution best suits 
the community. 

c 

10. Determine the required pressures at service 
connect! ens and_des1gn the pipes and joints 

for distHb'.itlna. 



BEST COPY M*MLE 

110 



-97- 



CHARACTER1STICS OF AN ADEQUATE SYSTEM (cont) 
FUNCTIONAL SKILLS: 

1 . Recall the essential components of an adequate 
system. 

2. Draw topographic, plan, and elevation maps. List 
data which should beinclgded on a topographic 
map of ;an adequate distribution system! Measure 
elevation of points; 

3. Identify safe water. 

4. Recall functions of component parts of a treat- 
ment plant. Use high and low lift pumps, De- 
scribe and evaluate the various treatment pro- 
cesses described in Section 2. 

5. Recall relationship betwfen distribution systems 
and various contmunity patterns. 

6. Calculate required head, hfadlpss^ Read from 
tablesthe relationships between pipe sizes, 
pipe joints, and headloss. 

7. Recall relationship between different pumping 
facilities and size of community. 

8. Identify the relevant structural properties of 
materials. 

9. Identify properties of editing paints. 

10. Recall safety standards to be maintained in the 
construction and operation of a system. 

TERMINAL PERFORMANCE TESTS: 



1. For a given cowunity layout, design a distri- 
bution system which best suits it* and draw_tp__ 
scale the plan ahd_profile_ showing the locations 
of the various component parts of the water dis- 
tribution system, pipe lengths and size, and 
valve locations along the line; 

2. Given a number of water samples, identify those 
defined as "safe". 

3. In a given trfatment system, state in detail 
« what happens as the water passes through the 

successive stages. 



...U 111 
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CHARACTERISTICS OF AN ADEQUATE SYSTEM (cbht.) 



4. Given a source and treatment plant, and/or 
distribution resei^plr some distance apart, 
list all sanitary precautions which should 
be taken while transferring the water. 

5. List all sanitary and personnel safety pro^ 
visions to be taken into consideration while 
planningthecohstruction and operation of a 
treatment plant. 

6. Chposltheappropriate materials for construc- 
ting storage tanks, 

a. underground 

b. on the ground 

c. above the ground 

7. Determine the difference in height between a 
given storage plant andlefvice connection^ and 
calculate the required he*d and headloss in the 
section. 

8. From given tables* choose pipe sizes that will 
deliver water with a specified residual, pressure 
at a service connection distance ( ) units away. 



Us 
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WATER DISTRIBUTION SYSTEMS 
CHARACTERISTICS OF AN ADEQUATE SYSTEM 
ESSENTIAL COMPONENTS OF AN ADEQUATE SY S TEM 
SOURCE 

The source of water for the. distribution system roust meet the require- 
ments that have been established for quantity and qua 1 ity. The source 
will meet the quantity requirement by simply being able to provide 
enough water to meet the demand. If no single source can satisfy 
this requirement, the_^ 

can be built to compensate for this deficiency. The quality require- 
ments for drinking water are generally established by local or national 
bf ?lth departments . ( If none exi st , you shoul d review the minimum 
standards for drinking water discussed in Section 2} If no satis- 
factory water sources exist, you should carefully consider the con- 
struction of wel 1 s before choosing a source that would require exten- 
sive treatment. Although the distribution of water from a central 
source by means of pipes to each village house is a goal towards which 
every comnunity should strive, the construction of wells (if necessary) 
wouJd be an incomplete, but very satisfactory step toward that goal . 



Once satisfactory water has been located, it is essential that care 
be taken not to contaminate the water during Its distribution. To 
Insure thepreseryatiphpf potable water, the following protective 
measures should be taken: 

1 . Wells and pump bases should be sealed so that surface water 
is unable to enter the wel 1 ; ~ ~ 



2. Mater used to prime pumps must not be polluted" (when possible 
use pumps that do not need priming) • 

3. Only trained workeVs should be responsible for maintaining the 
system once it has been built. (Initially* care should be 
taken tosflfct workers who are healthy, and free from communis 
cable diseases) • 



TREATMENT FACILITIES 

In selecting a water source* the goal is one heedinghp chemical treat 
ment (other than disinfection) prior to use. As stated earlier, if no 
such source already exists, explore the. possibility of awell construe 
tioh program.* When an acciptablerbytrless-than_d||1ra 
the only alternative, a treatment plant will need- to be part of the 
distribution system. The purpose of the plant will be to upgrade the 
guallty ofwater that_does_not meet drinking water standards. The 
methods for evaluating water and selecting treatment processes is 
discussed in Section 2. 



To"r further Information refer to the Peace Corps training manual 
on the Construction of Sta ter Wells 
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DISTRIBUTION RESERVOIR 

In small distribution systems* whether, thewater Is obtained by gravity 
or by pumplhg^lt is always desirable to provide a distribution reser- 
voir. T he ma 1 n reasons-arei- — — _ _ 

1. Hpurlyyariatlons in the rate of consumption are more easily 
satisfied Un small systems, such variations may be three 
ttmes the average hourly consumption and sometimes more); 

2. Adequate pressure can be maintained throughout the distribution 
system; 1 

3. Adduction pipes between the source of supply and the reservoir 
maybe repaired without interruption of the village water ser- 
vice, - -- 

4. Provisions maybe made forfire protection. 

5. Pumps can be operated uniformly throughout the day, (Such pumps 
may be much smaller than would be_requ1red otherwise)^ 

6. The size of the adduction pipe between the supply source and 
the reservoir can be made smaller than would be necessary 1f 
the viWfcge were fed directly from the water source. 

7. Fluctuat1ohs_1n_peak_per1ods of demand can be more easily ob- 
served and compensated for when all water is drawn from a dis- 
tribution reservoir. v 

The first consideration when designing storage is the capac1ty_wh1ch_w1ll 
be provided. This to a great exteritdepehds on the type of supply, and 
is influenced by two main factors— the necessity of catering for peak de- 
mand periods, and the provision of reserve to cover normal breakdown or 
maintenance Interruptions. 

Condi tTonsTvar^ in different parts" 6f We ^rl<f,_but_a typical pattern 
of draw-off in a vlllageisas follows— 30X of the day's supply between 
7 a.m. and 8 a.m.; 30% between 5 p.m. and 6:30 p.m.; 35% during the 
other hours of daylight; and 5% between sunfetand sunrise, tocal cus- 
tome wlllprodyce local variations; for instance^ in Moslem countries 

the demand during Ramadan will be high at about 3 am.j_ahd_1n other 

parts of the world where Monday is the_trad1t1onal_ ,, wash-day M the Monday 
morning draw-off may be equivalent to the total supply of another day. 
These considerations must be taken into account wheri assMslng the ex- 
tent and duration of p|ak_draw-pffs;_th1s must then be balanced against 
the rate and periods of water delivery. 

When wateris supplied by gravity from the source it is most economical 
in cost, as well as most satisfactory from an operational aspect, if a 
constant flow is maintained throughoutthe twenty four hours. Obviously 
in such a method of working a smaller delivery wain is needed than if 
larger quantities are required in shorter periods. __When_electr1c1ty 1s 
used for pumping 1t is usually m ost econom ical to operate for about 
twenty hours a day, leaving the pumps idle djririg the peak hours of elec- 
tricity demand. With diesel- or gasollne^Hven pumps, the cost of atten 
dance (generally cohtinuqus w1 th such engines, but normally unnecessary 
with electric motors) becomes art important factor and bne shlft^qfeight 
hours, or two totalling 16 hours, 1s a frequent method of operation. 
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I t is quite common to find schemes desighedto operate with a single 
shift of 8 hours initially* increasing to 16 hours when the demand 
rises later. More than 16 hours a day Is not desirable with such 
engines; hot only do labor costs increase but the wear oh machinery 
working continuously, throughout theday and night becomes excessive 
and^:he-14fe-a^theH^^t^1^correspondingly shortened. 

To deterftiine the ampunt that _wil 1 be required td_ provide 

uniform serice throughout the day, you must estimate three factors: 

1. the hourly .consumption .throughout the day (measured in gallons} 

2. the proposed hours of pumping (as explained above, this is 
determined by the type of equipment available) 

3. the pumping capacity of the system (gallons per hour). 

GENERAL REQUIREMENTS FOR AN ADEQUATE SYSTEM 

Ahadequate system is one which will deliver tfie requlrfH amount of potable, 
palatable water to all outlets at a prescribed or satisfactory pressure. 

MAPPING THE PROPOSED SYSTEM 



A drawing or map and a profile of the distribution system should be 
made showing the location of each component in relation to others (see 
Section 1 on drawing topographic maps). Below are a number of ways 
that the distribution system layout can be illustrated. 




SYSTEM CAPACITY 

Once these factors have been determined, the storage capacity can^be 
determined. The following guidelines should be considered 1n arriving 
at adequate storage capacity: 

y._ As a n»l»-nf- thumb, the s torage-required s hould be approxl- 

mately equal to a days consumption of warer. a - 

2. Minimum capacity should be large enough to handle morning and 
afternoon peaks. In hb case should 1t be less than half a 
day's supply. 

3. If It ts not possible to storeaday^s requirement, long per- 
iods of pumping should be adopted with no Interruptions. 

4. Where possible, ground storage is preferable. 



PIPES 

In selecting pipes, the following ^suggestions should be followed: 

1. The velocity of flow of water should not be more than 6 ft. 
per second in main pipes; and 3 ft. per second 1n feeder pipes. 

2. Pipe sizes for mains must be at least 2 inches in diameter. 

3. Using the nomograph attached, determine the pipe size which 
will deliver water at a desired rate. 

Pipe Flow Calculation ~~ 

This chart helps determine the flow of waterfrom several sizes 
of pipe When you know the height of the water source. 

The nomograph applies to steel Pipe. F1*. 34 should be used 
to find the equivalent pipe length. The length of pipe run can 
be paced off. One can crudely sight with their eyes and attempt 
measuring the reservoir height. Tomake this measurement with 
any accuracy^equlres some type of surveyor's Instrument. 

To use the nomograph, first find the number 6f_ pipe diameters 
thef* are in the pipe lengths. This 1s accomplilhed by dividing 
the pipe diameter 1n inches into_12_x pipe lengths 1n feet; or 
divide the pipe diameter 1n centimeters Into 100 x the pips fc 
length in meters. 

Then with the straight edge connect the pipe diameter on the d 
scale 1n inches (1 inch « 2.54 cm) with the reservoir height 1n 
feet bh the h scale. __Mark on the Index scale where the straight., 
edge crosses. Now connect this point on the index with the number 
of pipe diameters 1n the pipe lengthas calculated and observe the 
readihcj oh the Q scale. This will be the discharge in gallons per 
minute. 
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Fig. 34 Pipe Flow Calculation 



Pump Size and Horsepower Requirement 

For preliminary sizing of a pump used to lift liquid to a known height 
through simple piping, follow these steps: 



1. Determtne the quantity of flow desired in gallons per minute. 
8,33 pouras.* 1 gallon. 

2. Measure the hetght of thfl if t_ required (from the point where the 
water enters thepump suction piping to where it discharges J 
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Example: 

Assume a reservoir height of 3D feet* a pipe size of 1 1/2" 
diameter and 100 feet 1h pipe length, what will the discharge 
rate be? 

First divide the length by the diameter each in inches 



1208 ____ 
~77T « 800 



now convert 1.5 on the d scale^wW-3(rfeet-on^be h , ^l*!!! 
make a mark dh thejndex scale. Connect this mark with 800 op 
the L/0 scale and read the flow as 60 gallons per minute on the 
Q scale. 



Headloss Calculation 



Hdw_to_compensate for the headlossesdue to pipe fittings: 
in terms of the equivalent to the length and size of pipe which 
would produce an equlyilent loss 1f, Instead of adding fittings - 9 
additional pipe was added. Note in table below that headloss 
due to pipe fittings can be neglected for relatively long pipes. 



TABLE 7 

Allowance In fqulvalent length of pipe for friction 
loss in valves and threaded fittings 



Diameter 
Of fitting 



htkrn 

H 
H 
K 
1 

\% 
IK 

2 

2« 
3 

3H 
4 
5 
6 



90*etd. 
ell 



1 
2 

2. 6 

3 

4 

5 

7 

8 
10 
12 
14 
17 
20 



45 # atd. 
•11 



0.6 

1.2 

1.6 

1.8 

2.4 

3 

4 

5 

6 

7 

8 

id 

12 



W aide 
tee 



M 

1.5 

3 

4 

5 

6 

7 

id 

12 
15 
18 
21 
25 
30 



Coupling 
or atraigbt 
rim 



rut 

a3 

0.6 
0.8 
0.0 
1.2 
1.5 
2 

2.5 

3 _ 

3.0 

4 

5 

6 



Gate 
valve 



as 
a 4 

0.5 

a; 

0.8 
1.0 
1.3 
1.6 
2 

2.4 
2.7 

a 3 

4 



Globe 
valve 



M 
8 

15 
20 
25 
35 
45 
55 
65 
80 
100 
125 
140 
165 



Angle 
valve 



M 
4 

8 
12 
15 
15 
22 
28 
34 
40 
50 
55 
70 
80 
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RELATIONSHIP OF DISTRIBUTION SYSTEM TO COMMUNITY 
ARRANGEMENT OF THE NETWORK 

There are two main systems of distributing waiter in a community: 
Dead-end System 



This consists ofdirect lines from the mains to the outlet without 
ihter-cbhhected lines (see Fig. 35 ). 

Evaluation: 1, Easy to install 

2. Takes_less_material for pipes , 

3. Best for small , unplanned community layout. 

4. Disadvantage: If water not used often may breed 
— bacterlal^at the_stagjiant end. 



BRANCH 



CD 



CD 



Fig, 35 Dead-Ehd System 
Loop System 

In ThisTthe ends of all the "supply lines are_ connected so there, 
is continuous flow of water in the system while it is being drawn 
from any point in the loqp (see fig. 36 ) 



Evaluation 



1. 
2. 



3. 



No stagnant water. 

Less vulnerable to breakdowns since. valve arrange- 
ments may be made to re-route the flow of water, 
isolation small trouble areas^ 
Suitable for well -planned community. 




Fig. 36 boop System 
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Generally, In a large community* the loop system can be used 
around maih_res1dent1al_pr business areas; and the dead-end 
system for the rest of the system 

The network of pipls should bfar ranged so large primary mains feed 
smaller secondary pipes. Branches or feeders carry water from mains 
to service connections. Service pipes carry ^ater from the branch to 
the building. 

headloss and distribution systems 
Head 



In planning a distribution system it 1s desirable^ to draw water at 
a tap with a good pressure^ ntr. too Mgh nor too low. Required head 
is the height (or depth) of water _which_^ 

pressure. Pressures are expressed in pounds per square inch (psi) 
in height units (ft.). 



or 





f • 

Water Head 


Water "^4^." - 




. . j . 


1 *- 1 
L «• I 



Fig. 37 Head Measurement 

Relation 6? Pressure and head: frbm the definition dfhead andsome 

' ^raulic factors*. 1t_can_be shown that 2.31 ft. of-4?ater exerts 1 psi 

iz its base or 1 psi exerted at base of water sol umn wtl^ raise it 2.31 ft. 



Example: Calculate the pressure exerted by a column o 
at its base. 



er 100 ft 



2.31 ft. exert 1 psi 

196 ft. exert _ 1 x 100 ps1,» 43.3 ^>s1 

or 



HEADLOSS 

This is the reduction of pressure in a pipe which may be due to friction 
in pipe and pipe fittings* or valves* andean be expressed as a change 
in head. Allowable headloss is the difference, in feet of water, be- 
tween the tank elecatibn, and the elevation of service connection, plus 
the required head atthe service cqrirtectlon. i.e. allowable headloss - 
Elev. tank - (elev. service connection + required head) 

Example: Given elevation of tank - 750 ft* 

elevation service cbhn, ■ 665 ft. 
required head (-20 psi) - 46.2 ft. ^ 

allowable headloss - 750 - (665 + 46.2) * 38.8 ft. of head. \ 

Note: The required head reconinended by U.N. survey must be at 1 fast 
10 psi (13.1 ft) for small water supply systems. For'ipttltl- 
storied houses, minimum should be 70 psi (91.7 ft). 20 ps1 (46.2 ft) 
is a reasonable figure to work with. 



Actual headloss 1s the headloss: which actually occursin pipe and 
joints. It roust hot exceed the allowable JjjBad]dss._ The pipes and 
joints selected must have a total headloss less than the allowable 
headloss. " " ■ 
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CHARACTERISTIC3* 'OF AN ADEQUATE SYSTEM 

LESSON NO. 1 \ - 

tESSONd^jECtlVE: To outline the general requireiSents for a system 
to be qualified as adequate. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



Definiti _ of an 
Adequate System , 

Component Farts: 



Relative Locations 

(*} 

Source and Pumping 
Facilities 



(b) . 

Treatment giant 



ic) 

Storage 



Discuss in class and draw out a definition 
of "an adequate system*. 

Demonstrate how to draw the map and profile 
of a system; 

As an exercise let each student draw the 
♦profile from a sample map. 

Discuss the requirements for quality and 
quantity of water at source. 

DiscU|s the relationship between type of 
source and type of pump to be used. 

Draw safety provisions required; 

Discuss the need for water treatment. 

; Visit a treatment plant and note the 
relative location of treatment stages. 

Compare safety requirements to that at - 
source. 

Discuss the need for storage facilities and 
how the storage capacity is related to the 
size and the community* 

Discuss the various etorage systems and the 
effect of location on them. 

Ask students to outline what particular 
attention be paid to maintaining the quality 
of the water. 



CHARACTERISTICS OF AN ADEQUATE SYSTEM 
LESSON NO. 2 



\ 



LESSON OBJECTIVE: 



To determine the relationship between the distribution 
system and headlbss in the system; and design a distribution 
.system suited to & given community • 



TOPIC 



Definition of 
hcadloss 



Relationship. . 
between Bead loss 
■5 the Oirt$itJU- 

n ripes 



Relationship 
Between the 
Coipmunity Layout 
arid the Distribu- 
tion System 



INSTRUCTIONAL PROCEDURE 



Define head and headioss. 

Demonstrate how to measure head; 
Show how to calculate headlbss. 



Demonstrate the effect of valves mid 
threaded fittings on the water flow in a 
pipe. 

Show how the above loss may be compensated 
for in the plan. 



Lecture on how to design a .distribution 
system to- fit a jtf veh community^ 

/ 




SUPPLEMENTAL MATER I ALS / 
RELATED READING 



Water in tank 
Measuring Scale, 

Chart of Headlocs vs. 
Pipe Size. Teolcii cf 
equivalent pipe icnfti.hr 
and valves and fitting 

Elevated w/iter source; 
long and short pipes* 
valves arid joints* 
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S ECTION 5 



CONSTRUCTION TECHNIQUES 



OVERVIEW; 



The preceding sections have covered the background knowledge that a 
trainee must havetb recognize and evaluate sources of water and to plan 
the deyilppnterit pf_a_d1str1but1ph aridtfeatmfnt lystetfl. Regardless of _ 
the planning, a system Is only as good as Its construction allows. Thl? 
section covers the techniques needed by the volunteer to adequately con- 
struct the system he has designed. 

The emphasis of this Instructional material 1s on i doing. _fhi_tra1n|e 
should learn by doing, for np amount of lecture can Impart "how% It is 
only through doing that the trainee will be able to understand when s for 
example, concrete 1s wet enough. 

This section covers construction with concrete* and specific products for 
building and Installing the major components of a treatment and distri- 
bution system. 
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SECTION 5 : CONSTRUCTION TECHNIQUES 

OBJECTIVE: Develop, purify and distribute water in .a given 
community. 

TASKS: 1. Develop the selected source to meet the requirements 
specified 1h the design. 



2. Build an Intake site and Install Intake pumping 
facilities. 

3. Test the water so obtained for sanitary standards'. 

4. Build a treatment plant appropriate for treating 
water from the above developed source. 

5. Construct a storage tank with a "predetermined capa- 
city; apply protective coatings on tank and pipes 
against heat, chemical corrosion and Insect pests. 



6. Lay_arid_ connect pipes for the conveyance of water 
from the distribution reservoirs (storage tank) to 
the various service connections. 

FUNCTIONAL SKILLS: 

1. Recall characteristics of various types of sources. 

2. Dig* dH]l,_ahd I bore_a_we]1 1n such a way as to ob- 
tain maximum yield from it.* 

3. M1* concrete of a desired strength. 

4. Build protective casing for a well, spring, or 
pump base.* 

5. Build a small pumphouse to specification. 

6. Determine conditions which wuVd requife low or 
high 1 1 f t-pumps for Intake of water. 

7. Build a screen of wlre brother piterlals of desired 
mesh around an intake terminal in a pond* lake, 

stream, river or any other reservoir to keep put 

silt i water life and vegetation, and the stress from 
water flow. 

8. Recognize relevant treatment processes for water 
from a given source. 

9. Construct or assemble the various treatment processes 
such as, filters, sedimentation tanks, etc. 

This skill Is optional, depending on the scope 
of the particular training program. 
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CONSTRUCTION TECHNIQUES (Cont.) 

10. Connect various treatment stages i n their proper 
order. ; 

11. Read and follow ah Instruction manual. 

12. Put together a prefabricated . structure j_Us1ng 
relhfbrcedcoricrete, painting or spraying the 
needed parts, and welding, soldering or riveting 
pipes together. 

TERMINAL PERFORMANCE TESTS: 

1. At_a given J Station develop a water source from 
underground water which will meet the water de- 
mand of the community.* 

2. Siven raw materials required to produce concrete, 
mix concrete of aspeclfled strength and show it 
meets the specification. 

3. For a given source, Install an intake pump. 

4. Given the plan and all materials, build a house 
over a well (or pump); 



5. In a given distribution system, state where you 
would use: 

a. Low I1ft_pump_ 

b. High lift pump 

6. Design andbuilda model of an intake terminal 
of a system if the source is: 

a. Lake or_ppnd 

b. River or stream 

c. Well or cistern 

7. For a given source of water* carry but purity. _ 
tests and state what kind of treatment the water 
requires. 



8. Cbhstructslparately the various component parts 
of a treatment system and tjest the efficiency It the 
j the various treatment stages. 

i 9. Given a model treatment plant 1n the labpratpryj 

assemble the various .treatment units in order of 
j performance (e.g., sedimentation-filtering). 

*This skill lis optional, depending on the scope 
of the particular training program. 
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CONSTRUCTION TE CHNIQUES (cont.) 



10. * Given a package of all parts of a tank or piimp 

(or the respective models) with an accompanying 
instruction manual, assemble the parts and test 
for proper fittings.^ 

11. Given a storage tank and its gross weight, design 
a foundation for its elevation to a given height 
above the ground. 

12. Construct a tank of specific volume with rein- 
forced concrete. 

13. Given a storage tank and_distr1bution pipes, 
coat to protect them from: 

a. Corrosion from ground and atmospheric chemicals 

b. Excessive 'heat 

c. Insect and other pests. 

14. In a workshop, db1n several pipe lengths^ using 
different methods at each joint* e.g. welding, 
riveting, etc. 
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WATER DIST RIBUTION SYST EMS 
" CONSTRUCTION TECHNIQUES 



SCHEME 



The following. sketch shows the major components of a distribution system 
that must be planned and constructed. ln_total; this represents a com- 
plete water distribution system, Indicating the location of each component 
relative to the others; 



Source 


Pipe ^ 


Pump 






_ House 





Storage & 
freatment 



Pipe 



Development 
Intake 



1) Building house 

2) installing pump 



1) Cons true ting tank 
2} Instilling puri- 
fication systems 
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CONCRETE 



Fig. 38 Distribution System Layout 



The material which is used at almost all stages 1s concrete. For this mat- 
ter, anextensiye dlscriptlon of concrete in construction work will be In- 
cluded for convenience. 



Concrete is a strbhg 4 _durable_arid_1nexpensive construction material when 
properly prepared. After concrete has set, there is no simple non-destructive 
tive test to evaluate how strong it is. Therefore, the entire responsibil- 
ity for making ebnefetfa strong material in accordance with specif Icai tons 
rests with the supervisor on the job and the people who prepare, measure 
and mix the ingredients, place them in the forms, and watch over the con- 
crete while it hardens. 

The most important factor in making strong concrete is the amount of water. 
Beginners are likely to have too much. See the entry on a slump cone for 
further details. 

The proper proportion of all the materials, designed for the application, 
is essential. The concrete calculator will help give the proper propor- 
tions and amounts^ for your job. 

Properly graded, clean, sharp aggregate and sand 1s required to make good 
concrete. When we glue two pieces of paper together, we spread the glut 
evenly and in a thin layer, and press firmly to eleminate air holes. In 
concrete, the cement is the glue, and the sand and aggregate the material 
being joined. 

By properly graded we mean that there are not too many of ary one size grains 
or pebbles. Visualize this by thinking a large pile_of_stone_all 1_ 1/2 
1n diameter. There would be spaces between these stones where smaller peb- 
bles would fit. We couldadd to the pile just enough smaller stones^to fin 
the largest voids. Now the voids would be siSaller_yet t _and even .smaller peb- 
bles could fill these holes; and so forth Carried to an extreme, the pile 
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would become nearly solid rock, and_only a very small amount of cement would 
be needed to stick It together. The resulting concrete would be very dense 
and strong. 

Sharp aggregate and sand Is de^ ii able. - Smooth* rounded stones and sand can 
make fairly good concrete, but sharp* fragmented parti cles_wprk better be- 
cause the cement as a glue can get a better grip on a rough stone with sharp 
edges. 

It_1s extremely Important to have the aggregate and sand clean. Silt, clay* 
bits of organic matter will ruin concrete if -there 1s very much present. A 
very simple test for cleanliness makesuse of a clear wide-mouth jar^ Fill 
the jar about half full of the finer material available, thesand and small 
aggregate, ami cover with water. Shake the mixture vigorously, and then 
allow it to stand for three, hours. __In almost every case there will be a 
distinct line dividing the fine sand suitable for concrete and what which 
is too. fine. If _ the very fine material amounts to more than 10% of the 
suitable material, then the concrete made from it will be weak. 



This means that other fine material .should be jpUghti_or_the_ava1lable ma- 
terial should_be_washed I to Remove the material that top fine. This can 
be cone by putting the sand (and fine aggregate if necessary) in some con- 
tainer such as a drum. Cover theaggregatewith water, ^ thoroughly, 
and letstand for_a_minute, and pour off the liquid.. One or two such 
treatments will remove most of the very fine material and organic matter. 

Another point to consider in the selection of aggregate is its strength. 
About the only simple test is to break some of the stories witha hpfner.___ 
If the effort required tb_break the maiorlty of aggregate stones is greater 
• than the effort required to break a similarsized piece of concrete* then 
the aggregate will make strong concrete, _If_the_stpne breaks easily, then 
you can expect that. the concrete made of these stones will only be as 
strong as the stones themselves » 

In very dry climates several precautions must be taken. -If the sand is per- 
fectly dry, it packs into a smaller space, tf you put 20 buckets of bone 
dry sand in a pile* stirred 1ri two buckets of water you could carry away 
about 27_buckets_of damp sand. The chart does not take this extremely dry 
sand into account. If your sand is completely dfy,_add_sdme_water_to it 
or else do yuir mlasufements_by weight instead of volume. The surface of 
the_curing concrete should be kept damp. This is because water evaporating 
from the surface will remove some of _ the. water needed tp_make a proper cure. 
Cover thecbricrete with_build1ng paper, burlap, straw* or anything that will 
hold moisture and keep the direct. sun and wind from the concrete surface. 
Keep the concrete moist by sprinkling as of ten as necessary; this may be 
as often as three_ times per day. After the first week of curing, it 1s hot 
so necessary to keep the surface damp. continuously. 

Mixing the materials and getting tfiem in place quickly* tamping and spacing 
to a dense mixture is important. This 1s covered on the entry on mixing. 

Reinforcing concrete will allow much greater loads to be carried. Deflgn 
of reinforced concrete structures can become too complicated for a person 
without special training, if they are large or must carry high loads. 
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CONCRETE CALCULATOR 

Use the alignment chartls follows A __Make a light pencil mark on the 
left-most scale representing the area of concrete needed. Make a _ 
similar mark on the slanted thickness scale. Draw a straight line 
through these marks ihtertecting the third scale. This is the volume 
of your concrete. If your project has a complex shapet add up the 
volumes of all the parts before proceeding. 

Mow mark the total volume of concrete on ithe_ third (volume^ scalei and 
the kind of vork on the fourth, jSee definitions.) A line through 
these two points will give the amount of fine aggregate needed. Con- 
tinue 'on a zig-zag course as shown 1n the KEY to calculate the coarse 
aggregate! sacks of cement, and water. 

It may be necessary to make slight adjustments $o the mix, depending 
upon the type ofaggregate used^ The final mixture should be wet 
enough and workable enough to go into the forms fMfly easily .requir- 
ing light spading or tamping to produce, a dense mixture. Too much 
mbiltyre produces a weak cement. The figures 1n_ the alignment chart 
do not allow for waste which may run as high as 10%. 

All materials can be measured in "buckets" instead of cubic feet. .The 
nomograph will still give the correct proportions., Thetotal amount 
of concrete produced, howevfr* wllldepend upon the size of the bucket 
used asthe measure. Most buckets are rated by the number of gallons, 
they can hold. Tocbhvert to cubic feet* then, you must know that one 
cubic foot equals 7.5 gallons. A four gallon bucket would hold 0.533 
cubic feet. Incidentally, one cement sack holds exactly_one_cub1c_ 
foot, so "buckets" can also be substituted for "sacks" on the chart. 

Similarly, if your volume of concrete needed is llls than i 15 cubic 
feet, you can multiply th1s_^_some_conven1ent factor (say 10) and 
then divide the amounts of materials the chart says to use by the same 
factor to get the actual amounts needed. 

Definitions used in jhe-chart are given "on the fold-out page. 



HAND MIXING CONCRETE: 

Proper mixing of ingredients is necessary to get the highest strength 
concrete. Hand mixed concrete made with these tools and directions 
can be as strong as machine mixed concrete. 

TOOLS AND MATERIALS 

Lumber - 2 pieces_6^_x 3'_x 2" 
Galvanized sheet metal - 6 1 x 3* 
Nails 

Saw. ljahiner— --- - --■ - --- -- - 

Or concrete for making a mixing floor. (About 10 cubic feet of concrete 
are needed for ah 8' diameter mixing floor made 2" thick with 4, high 
rin.) 

CS*1 l»~rt for paje llf fol^oV 
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Kind of work • "Putti'S gollon pciti" :.wbicb Ji eoncrtti mbjtctid to iivou wtar, wootliir, or 
' w«k ocid and alkali iolulloni. Eianiplii would 6 i thi floor of a conrnifclol dairy. 
■ "4"iM0ni"i floljon poiio" for concroti to jn wot ■ rtt t _or subjected to modoroti wtar 
^i^'thif. fxqmDln: wotirilght boiMionti, driwiwayi, • tptlc tonki, storogi 
tonka, otrueturoj. bioni and cotumm. 
• ? miom "? gollon poito" (or concrili not iub|iclid to woor^wuolhir, or wotir. 

!!^^.A j fM* mi <on5,,,, < ,,( ' tjghmoto Ond 

abroiion ritiitoneionnotlni'portont, 

Fim Agtjrioati • Sand « wk icrowlngi up to or* ^ortir Ineh in dlon* tor. Should bi frio .Iron llni . 

duttjootii; cloy end vojotobli mortar or thi eonertto will hovi low itrijjglh; Poflicloi 
ihouldvoryiniiu ( notollflnoor(oorii. 

Coofii Agsngott • Pibbl.i or brokm rock from 1/4" up to M/fc Nothing coornr tfion 3/4" 0 bo , 

end for o 5 gollon pditi, 
Condition of Sand ■ Dry-fooli ilightly dojnp but liovii viry ilttlp wottr on thi fundi. 

fairogi-fiili wil; Itant o lit' i wotir on thi hondl, 

Nit-drlppIng wit, liavii ^lli o bit of wotir oa thi Mi, 

Mlw • Thi chart it band on Ihi U.S. Gollon. (This li 0.835 ol on* Impirlol Gallon.) 

Notorial From , Doiignod by John Blckiord from doto furnlihid by thi Portland 
Comont Aiiociotlon of Chicago, illlnoli, U.S.A. 
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cement ..required, and the kind of 
work to locate this point on the 
reference line. A line thr^b 
this point and she condition of 
sand will give the amoiint of wa- 
ter needed. ' . • . ' •'. 
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Fig. 45 CONCRETE MIXING 



Gnjnany self-help projects the amount of concrete needed may be small 
or 1t may be difficult to pbta1o_nichan1ca]_mixer. Under these cir- 
cumstances hand mixing^of the concrete will be necessary and^ if a 
few precautions are taken, the quality of concrete can be made equiva- 
lent to that from a mechanical mixer. 

The first requirement is a watertight and clear i base Upoh which the 
mixing can be done^ This can be a wood and metal mixing boat (Fig.40A) 
or a simple round floor made of concrete (F1g.40Bh 

The ends of the wood and metal mixing boat are curved to make emptying 
easier. The raised edge of the concrete mixing floor serves to pre- 
vent loss of water form the concrete. 



The procedure for mixing IS similar to that for mechanical mixers 
Inthat the dry materials should be mixed first. As a minimum it is 
recommended that the pile of stone, sand, and cement be turned com- 
pletely brice. It should be complftely turned a_second time fhile 
the water is being added. Then it should be turned * third tine* 
Anything less than this will not adequately mix all materials. Hheti 
this last step is completed the mix can be placed as usual. 

Correctly placing the fresh concrete in the forms or shuttering is 
Important in making strong structures. The wet concrete mix should not 
be handled roughly either in carrying to the shuttering or putting into 
the shuttering., In elther case_1t_1| yery_easy A through joggling or 
throwing, to separate the fine from the coarse material . We havesaid 

before that the strongest concrete comeswhen the various sizes of 

aggregate Ihd cement are well mixed together. The concrete mix should 
be firmly tanked into place with a thin {3/4") iron rod. 
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Be sure to rinse concrete_from the mixing boat arid tools when finished 
each day with the work. This will prevent rusting and caJcIng of cem- 
ent on them for smooth shiney tool and boat surfaces make mixing sur- 
prisingly easier, and the tools will last much longer.. Alsotry to _ 
ke^p wet concrete off your skin, for the material 1s somewhat caustic. 

When the shuttering H full the hard wbrklsdprit ,_byt 
not finished. The shuttering must be removed and the concrete protected 
unt,1l adequate strength is attained. The hardening action of cement be- 
gins almost immediately after the water is added, but the action may not 
be fully completed for several years. 

Concrete reaches the strength used 1n the designing after 28 days and 
is strong_enough for light loading after 7 days. In most cases the 
shuttering can be.removed from standing structures such as bridges_or_ 
walls after 4 to 5 days. In small _grpund supported structures such as 
street drains it 1s possible to remove the_ shuttering within 6 hours 
of completion provided this is done carefully.. Special conditions, 
usually specified pri the plans, may require leaving the shuttering 
in place for a much longer time. 

During th| earlystages of hardening or curing the cement in the con- 
crete continues to need-moisture. If there is Insufficient waterayail- 
able the cement is unable to complete, itsipb of gluing the aggregate 
tbglther. Because of this, it is recommended that hew coocreta be pro- 
tected from drying v*inds_ahd the sun, and that the_surface_pf_the new 
concrete be kept damp. For cement floors or open construction a cover- 
ing of banana or palm leaves will be adequate, but these should be 
given a sprinkling of water at least once and perhaps twice each day 
for a period of hot less than one week* 

TESTING THE STRENGTH OF CONCRETE 

Th» Slump Cone 

; The following tools and materials are needed: 

Heavy galvanized iron 
Strap Iron - 4 pieces 1/8" x 3 M x IV 
16 iron rivets 1/8" diameter x 1/4 M long 
Wooden Dowel 24" long, 5/8" diameter 



_ Fig. 41 
The Slump Cone 
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Iri making reinforced concrete, 1t Is Important to have just 
enough water to make the concrete settle firmly 1ntp_ the 
shattering (forms) and around the reinforcing when it is 
thoroughly tamped . 

The easiest way is to look at the mix anH at the way the workmen 
place the wet concrete. If the mix appears soupy and the aggre- 
gate shows up clearly in the mix* then it is too wet. At the 
same time 1t will be noticed that the workmen dump the mix into 
the shuttering and do very little tamping because * if they do 
any amount of tamping, large amount of waterwillininediately 
appear oh the surface. The workmen will soon complain 1f the 
mix 1s too dry. 

A more accurate method of makinga decision on the proper amount 
of water is to usje the slump test. This test requires a small 
cone made of fairly strong metejl arid open at both ends. Dimen- 
sions of the corif and tamping rod 4 are shown iiL the sketch. Once 
this simple equipment is available the slump t*st becomes very 
easy. The steps to follow are listed below. 

1. Set the slump cone on a smooth clean surface arid stand on the 
hold-down clips at the bottom of the cone. - 

2. Have someone fill the cone to 1/4 of Its height and tamp this 
layer 25 times. _._ _, ___ ____ 

3. Fill the cone to 1/2 Its height and tamp this layer 25 times. 
Avoid tamping the first layer again. * 

4. Fill the cone to 3/4 its height arid tamp 25 times. Avoid 
tamping the prevlouslayers. - - _ _ -- - : _ ✓ 

5. Complete filling of the cone arid tamp this layer 25 times. _ 

6. Step of; the, hold-down clips and 11ft the cone vertically and 
very carefully off the concrete. > 



Since this process _w1 ]1. hay e_ taken only a few minutes the con- 
crete will still be very soft when the cone Is removed and the 
top will falltp some extent while^the side£ bulge but. .This • 
1s_called the^sKump._ 0bv1pusly,_1f_the mix Is too wet the 
c concrete will -lose Its sfiape completely and become dust a soft 
pile. A good mix* as far as the water-cement ratio is concernec 
will |]ump_about_3 M _to_4 M when the cone form is removed^ It is 
. welt to keep in mind that dirty or muddy water can cause as, mucf 
trbub'le as. aggregate with excessive fine materials. Use clean c 
settled water. „ 

CONSTRUCTION AT THE SOURCE 

DEVELOPING THE SOURCE: * 

Sources which/require much development are- ground water. sources. The 
development of wells, is covered extensively in the "well constructic 
' manual". CoristructiOris in spring development are similar to- those fc 
# wells. 

The quantity of waterfrom a spring can ver^ often be substantially 
Increased by dflgging put the area around the spring down to "ah im- 
pervious layer to remove silt, decomposed rock* and dther_rpck frag- 
ments arid mirilfal matter, (usual ly calcium carbonate) sometimes deposi 
by the emerging ground water. Indoing this, particular care should, 
be taken, especially in fissured limestgne_areas t _ to avoid disturbing 
underground formations _to the extent that the spring is deflected in 
another direction or into other fissures. 

Spfirigs_in general , and gravity springs in particular, are subject to 
contamination in thearea close to the point of emergence. A thprpug 
sanitary survey should be conducted before development work is Initia 
. Such - * survey_shpuld yield information on the origin of the ground 
water, the nature of the waterbearing strata, the quality of the wat 
its yield in various seasons dfrainfal 1^ thetppography and vegetati 
of the surrounding area, and the presence' of possible sources of con- 
tamination. To protect the spring, the collect Iph structUfes should 
be so located arid builtas to force surface water to pass through at 
least 10 ft of soil before reaching the ground water.- It is also 
customary to exclude all animals arid. habitations frdm_a_substant1al 
area (perhapl 100-300 ft), around the collection chamber* and to dig 
a diversion ditch above and around this to interrupt surface ruri-off 
and divert it away from the grQurid-water_cpllecMpri 
emergirig from solution channels in limestone formations.should be . 
carefully Investigated and obMrvedi s'ihceurider such conditions very 
little, if any, natural filtration takes place in the ground. 

Such springs are likely %6 ytel d, grossly .polluted and turbjd water so 
after heavy rains* arid fhoyld not be used as a source of domestic sup 
ply without a thorough study, including frequent bacteriological ex- 
amination, and wi thout the l_ provision of corrective measures, such as^ 
filtration arid/or disinfection. Other protective measures are discus 
below. 

Springs, especially those which can b6 piped to the u*er by gravity, 

often provide an. economical and safe solution to the water-supply 

problems of rural communities.. Fig. 43 show typical methods of collec 
ing water from springs. _ : -. 
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INTAKE STRUCTURE ! ' , 

The Intake may consist of a submerged pipeline used With a submerged • 
crib or a screened bellmouth at the open end. It should be placed 
well below the water surface since the water is cooler at a greater 
depth and, also, because of ice formation in cold climates; but it 
should not be close to the river bottom* in order to avoid sediment 
ind suspended, matter moving along there. The intake should also be 
located some distancf from the shore and should be large enough for 
entrance velocities to be kept to a minimum, preferably less than 
6 in. per second. Fig. 43 shows a simple intake structure for small 
water-supply systems from rivers or lakes. 



Fig. 43 Small intake Structure 



Pipe 




Crib Frame 
(Wood or Metal) 



Cohere te(stdhe) 
foundation 



S«i,,.«lu«d from ll«u».,h«.h. w A. iJUJ2» WiM wrfy W jwr«S.«(«.. p. 32. by kit* pcmwilo. of . 
Ihtcriuiumal Tc>lh.»>k Co.. SKMimm. Po.. USA 

Intakes from small streams frequently require the construction _of small 
diversion dams. In this manner provision can be made fer_a_|uff ?ient 
depth of water at all times above the intake pipe; for the settling of 
suspended matter, thereby reducing the turbidity of ^e water; and for 
keeping floating leaves and other debris from obstructing the intake 
structures. Depending upon circumstances such as the_ depth of water 
In the river, location, and degree of permanency of the structure,^ 
floating intake made of empty oil drums held in place by a suitable 
framP and supporting a flexible inlet hose may be used Intakes should 
always be designed. to function with a minimum of attendance. More 
elaborate 'designs are shown in Section 2. $ . 

CONSTRUCTION AT THE PUMPING STATIO N J 

The Dump-house will vary, depending on the type of pump used, the materials 
available and the capacity of the system. In general, the pump/base should 
be built of concrete. / 

Precast concrete slabs are suitable for floors and walls of ^ cheap but 
efficient pump-house. / 

Corrugated iroh (or asbestos) sheets should be «?ed for rop? | gj-WiW 
houses. For small houses, precast concrete slabs can also, be used. 

The roof (at least part of Itl'should be removable so that a crane can be 
used to haul but the pump in case of repairs. > .... - 

The manufacturers usually supply a manual for installing their pumps. 
Such directions must be followed closely. If necessary, an expert should 

•7 
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be called to Install the pomps, especially where electric power 1s used 
to run the pump; ^ 



CONSTRUCTION AT STORAGE FA CILITY 

STORAGE TANKS ' 

Storage tanks can be built on high gfouhdsjin whjch_case_they_are 
tentied ground-level reservoirs, or they are elevated reservoirs. 

Ground-level reservoirs are usaUllybyllt Jpf masonry, mass concrete, 
pr_ reinforced concrete, according to the materials and local skill 
available (see below) • 




Fig. 44 Ground-Level Reservoirs 

B 



by pMmm m walla 
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A — Crowitctlon of reservoir 

B - Types of will* for reaervolri 

C m Sketch datall of Pinhole opening In 
jlP reservoir cover 



D - T>pLc*L¥id«Jirj^n|f mtruior ground. 

It vel__ reservoir with two compart- 

mtnu 
At - Effluent 
Bb m _Supp_ly__ 
Cc — Overflow 
Dd — drain 
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Fig. 45 Typical Spring Collection-Chamber ^jjjTfiS; 

For Towns ^twk\ 




Concrete 
Structure 



A - Ground level H - Measuring rod A _bp«qm of which is 
B - Waterbearing formation kvel with lower edge of we.r 

C - Impervious stratum ! - Outlet pipe to reservo.r or town 

D - Collection chimber i « Floor dra,nific__ a __ 

E - Openings protected, by i ftpne-ind- K - Locked I entrance door _ 

travel pick in order to exclude und L - Screened openinf through door for 

and debrii ventilation purpose! _. 

e _ riit«tin« room M - Divervioa ditch for surface run-off. 
C Z Mwsur nf w^ Should be « least 15 m (49_ft) away 

G - Heasuring weir ^ ^ collection structure 



Fig. 46 Properly Protected Spring (i) 




Concrete' 
Structure 

A i Protective d>ilnn*-dLtch_to keep drainage water a safe distance from spring 
I : ^^0^^^ discharge freely or b. piped to village or residence 

Sprints can offer an economical and safe iource_of_wate_r._ A thorough search ,houJd 
be made'for r,„°sof groundwater outcropping. Spring, that can be piped to the user by 
gravity offer an excllleht solui.On. Rainfall variation may influence the yield, so dry- 
weather flow should be checked. 



* Fig. 47 Properly Protected. Spring (II) 




oncrete(ojr stone) 

-lis 7 

Rock 
Slabs 



A - Protective driioile ditch to keep dr.in.ft w»ttr i «« d.tunce from ipr-nj 
B " &r«"n*d outlet pip- : to diwh.r f « freely or b. piped to villif. or r.„d.nce 
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Ih order to prevent leakage in the reservoirs* the following should 
be done: 



1. Build concrete walls with as few joints as possible 

2. Copper or polyethylene strips should be built in vertical joints 
if possible. 

3. Paint the whole inside surface with a bitumen compound or with a 
solution of sodium si l_1catf_ (water glass]. , 

4. Render interior surface with about 3/4 inch thickness of mortar 
composed of water-proof cement and sand, after thoroughly rough- 
ening the surface to be rendered to ensure a good key. 

Elevated reservoirs may be of reinforced concrete or- of steel. Re- 
inforced concrete is suitable_when nany tanks of similar size are to 
be built in a series of villages* so that the system is used over 
and over again. The construction techniques involved are the same 
as for ground-level storage, except that the elevating walls should 
be built first. 

Steel reservoirs are syjta The tank 

can be ordered from. the manufacturers and comes complete with the 
accompanying assembly manual which is easy tofdl low. The tower 
foundations are to be locally built of concrete. 

Steel reservoirs can also be used for ground-level tanks gnrocky 
sites or in areas where masonry rocks are scarce. In such cases, the 
tank must be slightly elevated. to allow painting of lower parts.. 
Elevated storage tanks have valves to stQp_oyerf lowing. When a float 
valve is used to control the level in the tank, the overflow should 
never come into action if the valve is working properly, In the case 
of a_ ,e flQat1ng ,, tahk it is usual to_contfO"l__tHe_ inflow through a 
float valve and the outlet joins the delivery pipe through a non- 
return i i see Fig. 48). A depth gauge operated by a float and wire 
shdwsthe amount of water within the tank, and is visible from the 
outside. 



Elevated Storage Tank 




(•mil *} 
{•iifttMaliA, 



Wtihwl »•!»• 




•■• till 



Outltt always uken from 6 in. above tank floor; wash-out at extreme bottom of tank 
A «■ Diagrammatic arranfemeht of pipes B - Oiif rimmatic arrangement of pipe* 
when overhead tank acts as balancer when pumping direct 10 storage tank 

(floating tank). / Not suitable for 
use with reciprocating pumps. 
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When a float valve is not used, there 1s no control on the depth of 
water except the intelligence of the operator of the supply pump and 
the overflow, a*d carelessness in adjusting the hours of pumping to the 
the draw-off can result 1h considerable waste, while the farther the 
tank is from the pump-house the easier it Is to overlook such waste. 
The simple indicator shown below is one way of reducing this to the 
minimum as, properly sited. 1t can be seen for a considerable distance. 
However*, the hearer the tank 1s to the pump-house the easier this 
control becomes. 



A - 




B 



Painted MocJi — 
(•■•d M«l«i 



rri b j>*ini*4 tUck 

H/7 f^o«obl« th«*t Mtiat 

gv*4«-*«dt- 

by n—t 




f imU «d 3/4" O 



A « Suitable indicator for top two to three 
feet of water m tank 

B » Appearance of indicator from, a , dis- 
tance; It ihouJd be orientated »o 
that it appear* against the skyline 



Rigid •pcrohAfi** •* — ~-j r;--r 

indicator 

from observation point: it can bt 
seen clearly a mile away. 
n Section at aLshowintcpnstryction and 
Operation of lower indicator 
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F1g. 49 Water-fcevel Indicator For Elevated Storage Tanks 
In the construction of "storage facilities, the following provisions 
should be made: 

1. Manhole covers must be tightly fitting to prevent surface water. • 
from entering the reservoir . They should be locable- 

2. Surface covers must be water-tight and light-proof to prevent 

3. Vent11at?on h must be Included to let out air as water fills the 
tank. These must be covered With f1 ne-mesh wires (not less than 

4. IHlK'and outlet pipes, overflow and wash-out pipes should have 
mesh at their open ends. The outlet pipe should _be 6 1n. above^ 
the bottom of the tank. If the tank has concrete floors, the floor 
should slope towards the wash-out pipes to enhance cleaning. The 
diagrams below illustrate the proper design for a concrete storage 
tank. 
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Coupling 



Pipt CoflntctionWttfi 
Anchor Fiongo Casting 



— No, 16M«sh 
Copptr Screen 

— RtttrvoJr or 
Cistern Will 



cvExaow and vent 




v^- Top of Cistern 
\ or Reservoir 



VENT 



F1g. 53 Piping Installation 
WATER PURIFICATION SYSTEM 

Water purification systems are usually ihcorppratedln the storage 
tanks^ Where only disinfection (chlqrlnatlon) Is required, the 
treatment tank can act as distributing reservoir. The cistern 1s 
a typical storage-purifier combination. 

The cistern filter is asand filter which keeps organic matter from 
entering the cistern.. The water may then be fJIslnfected and storal 
in the cistern. The diagrams below show the construction design for 
such a filter. 




I ill —J 

TP CIMT*N 

Fig. 54 Cistern Filters 
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A catchment area always collects leaves, bird droppings, road dust, 
insects, etc; A cistern filter removes as much of these as possible 
before the water enters the cistern. 

the sand filter is usually built at ground level ahd_ the filtered ___ 
water runs into the cistern, which is mostly underground. The largest 
pieces, such as leaves, are caught in the splash plate* The splash 
plate also serves to distribute the water over the_ surface of the 
filter* so that the watfr does. not make holes in the sand. A piece 
6f window screen forms the splash plate. 

Host filters are made too small to handle the normal rush- of water 
from rainstorms. Thisresults in the filter always overflowing or a 
channel being dug in the sand, which will ruin the_filter\__The filter 
area should be hot less than dhe-tehth of the catchment area. A 
typical filter area would be 4 feet by 4 feet for a family-sized unit 
with average rainfall intensity. 

About every_ 6 months, the manhole- cover to the filter must be removld 
and the filter cleaned. Remove all natter from thesplash plate and 
scrape off and remove the tophalf-inch of sand. When the depth of^ 
sand becomes only 12 Inches, rebuild it with clean sand to the original 
depth of 18 inches. 4 

A simple way to discard the first runoff from. the roof, which 1s usually 
mostly leaves and dirt, should be provided. This wlll make your filter 
last longer between cleanings. The easiest way 1$ to have a butterfly 
valve (like a damper in a stovepipe) in the downspout., After the 
rain has washed the roof, the valve is turned to allow the runoff water 
to enter the filter. A semi-automatic system is shown 1n Fig. 

When building the filter* it 1s important to Insure easy cleaning and 
to use properly-sized sand and gravel. The filter is usually mounted 
right on the cistern but can also be close to it. It must have a 
screened overflow. 

Water Purification Plant/ 

fools and Materials - v 

3 barrels* concrete tanks or 55-gallon drums 

1 eight inch funnel or sheet metal to makea funnel 

2 smaller tanks* about 5 gallon or 20 liters in size, equipped 

with float valves 

4 shut-off valves . _ ____ __ ___ = ^ . t - 

1 throttle or needle valve_(clamps may be used Instead of the 
valves^ if hose is used) 

some pipe or hose with fittings -■ ______ - 

hypochlorite of Hrne or sodium hypochlorite (laundry bleach J 

This plant cah be used in small systems, using laundry bleach as 
a source of chlorine. 

The water purifier should be made as in the drawing.^ The two 
large barrels on top of the structure are for weakening the 
bleach. The two smaller.tanks on the shelf below are for holding 
equal amounts of weakened bleach solution and of watery at a 
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F1g. 55_ 

CHLORINATION SYSTEM 
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constant pressure. This makes a_coristant_flow_of the solution 
water, at the_same_speed. Into the hoses leading. to the mixing 
points. The mix Is further. control led by the valves and may be 
seen through the open funnel. If athrottlevalve- Is not avail- 
able* a shut-off valve may be used and a throttle action ob- 
tained by this valve and valve #4 in series. 

Placing the two barrels at a height of 10 feet causes a pressure 
of only about five pounds a square inch. Thus the plumbing does 
not have to be of high quality except for valve #1 and the float 
valve of the water holdup tank, If the rain water supply is under 
higher pressure. 

Sometimes special chlqrinatqrsare required; In which- case when, 
hypochlorlnators are ordered^ the following data should be fUfri- 9 
ished to the manufacturers: 



If water Is pumped: 

Sketch pf^pumplng installation 
Number and type of pumps 

Manual or ^utoWtic operation - - 

PUmpirig fate (liters/second or gallons/minute) and total, 
water pumped per day { cubic meters or gallons) 
Electric current available (yplts,_phase, cycle) 
Pressure on pump discharge (minimum and maximum)* 
Suction-lift 

Sizes of suction arid discharge pipes 
Other data (space available for Installation* sizes of 
foot valves, check valves, etc.) 

For gravity system: 

1. Sketch of system, Indicating source of water supply and 
distances 

2. Size of main _ ___ ______ ___ 

3. Size of meter,1f any, givlnq make and description 

4. Pressure at meter or point of Installation (minimum and 
maximum) __ / 

5. Rate of flow (minimum and maximum) _-- -_ - 

6. Average daily flow { cubic meters of gallons pef day) 

7. Fire flow, If any (litefsZsecond or gallons/minute) 

8. Allowablllossof pressure (m or ft) - 

9. Other data (space available fbf Installation, .etc.) 



1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
9. 



BbHef for Potable Water 

Sometimes 1t 1s easier to boll drinking water than to disinfect. 
Thffpl lowing design can provide enough safe water for a small 
conwunlty with a distribution systemi since lt would require a 
lot of fuel to boil enough water for the system. 
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Tools and Materials 

1 - 55 Gallon drum 1 

1 - 3/4" Pipe Nipple 2" long. Quantity of bricks for two 

layers of bricks to support drum. 
,1 - bag of cement plus sand for mortar and base of fireplace. 
' 1 - large funnel and filter medium for filling. 

1 - metal plate to control draft in front of firebox. 

1 - 3/4" valve, preferably all metal such as a gate valve to 
withstand heat. 




fc R1g„ 56 Boiler for Potable Hater 

This drum fo^ boiling of drinking water Is Intended for use in 
your resldencevto provide a convenient method for preparation 
and storage of sterile water. The f1replacf_1s_ simple oriented 
so that the prevailing wind or draft goes from front to back of 
the drum between the bricks. A chimney can be provided but 11^ 
not necessary. v ^ 

The unit has been terced in many 

elsewhere. A 55 galloon drum wpuld ndtaaUy las^a 20 person camp 
group for an entire weet, and certainly would provide.adequate safe 
water supply for two or three individuals for a much longer tin* •_ 
Hater must boil |t least if minutes with steam escaping around the 
completely loosened filler^plug. Be sure that the water in the _ 
pipe nipple and valve reach foiling temperaturesby purging about 
two liters of water out through the valve while the drum is at a \ 
full boil. I \ 

\ 
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CON STRUCTI ON ON SUPPLY LINE 

Pipe trenches must slope uniformly toavoid pressure variations In the pipes 
Whenever a pipe has tp pass over a gap in the trench - f -structures should, be 
installed to support the pipes* especially at the jcir^ the 
pipes should be coated* and accurately recorded In the systems map. % 

Different joints are used for different connections, the choice of a joint 
depends bri the number of branches_des1red at a point. Pos1tions_ofooint$ 
with many branches should be marked and protected as 1t is usually the main 
source of trouble. 

The diagrams attached illustrate the various joints used in distribution 
systems. The supplier should provide siirple iuide^far Joining pipes. If 
not available* a plumber's manual should be obtained.- This should not 
prove necessary however, since this often involves only screwing parts 
together. . „ 

VALVES 

* --- 1 
t Valves are used for specific purposes: 

Gate valves - control the flow of water. Should 'be' placed in 
junctions so that sectional repairs can be carried but without 
interruption of service. Should have manholes arid be easily 
accessible. a 

Check valvfs- allows one directional' flow only. Used between 
pumps and pipelines. __ - -- 

Air-Valves - allocs air to escape from high points in the pipelines 
pressure-reducing valves - to reduce water pressure 1ri pipes of 
any desired value. 

METERS are not essential In rural water supply .systems. 

HYDRANTS - Where fire protection is provided, these should be designed 
to provide connections for 2 1/2 Inch diameter fire hoses. 

SERVICE PIPE -Connects street distribution pipe to the houses plumbing 
system. Should be rigidly connected to the street pipe. 



c. 

d. 
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STANDARD BELL AND SPIGOT JOINT FOR CAST IRON PIPE 
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^ ebNSTRUCTIOM TECHNIQUES 

LESSON NO. I 6 

\ 

LESSON OBJECTIVE*. To build an Intake site and install pumping facilities. 

v 

\ 

\ V 



TOPIC 


INSTRUCTIONAL PROCEDURE 


SU PP ^^^^E|1^im[ 


Intake Structures 


' \ . ■ 
Discuss need for arid effectiveness^ of 
various types of intake structures. 


WHO Monograph Serie 
Chapter 5s . - 




Take field trip to an open source with a 
visible intake structure 


Intake Structure. 


Designing Intake 
Structures 


n-vi»J/4« a1 dcc cm o 1 1 orftiinc. T.fit Gfloh 

Divide vJlclOO X*l CMHOLtJL UUjvB • U»w B**vii 

design (arid construct) a simple intake 
structures 


Models of materials 
in constructing an 
structure. 




Draw conclusions indicating when to use an 
intake structures 


i t 


Pump Selection 


Discuss in class wha't sort of- lift pump is 
required. 


Section 3 on Pump 
Selection. 


• i 

Concrete in 
Construction Work 


Introduce concrete in construction work - ^ 
its structure. . : 

Demonstrate how to determine the amount of ' 
each ingredient. 

Demonstrate how to mix concrete properly. 


Concrete blocks. 
£aw ingredients for 
making concrete. 




^Let students determine the required amount 
of each ingredient rising the chart. 




testing Concrete'' 


Demonstrate the test for strength. 


Slump Tester. 




Discuss in class the need. for reinforcing 
concretes 


Concrete pipes : 

a) reinforced 

b) not reinforefe 




Test reinforced concrete and one not reiri- 
forced. , 


Strain-Stress Testi 
Machine. 


Ba '3&!ng a 
hunp House 


Discuss when a punpi house is necessary. 

In the field demonstnste how to build a pump 
houses (If not possible, the students, should 
be given chance to work with a building crew). 


H ' - 
Building Materials. 



LESSON OBJECTIVE: 
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CONSTRUCTION TECHNIQUES 
LESSON NO. 2 

To test water obtained from a source for, 
drinking water standards. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SURPL£W£HWLmTERIALS 
RELATED READING - 



resting Water 
Samples 



Exercise on 
rf/ater Tests 



Ask students to recall the characteristics 
of water that should be tested. 



lD_%he labbratory x ^br in i the field) demon- 
strate how to use the various kits commonly 
used in the field,.. 



WHO Monograph H2, 
ppi 46-54. " 

Portable: water labbrat 
field kit. Mi crofilt* 
tester* 



Divide class into convenient groups and let 
each group test for a different pollutant. 

Verify each result. 



151 
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CONSTRUCTION TECHNIQUES . 
LESSON NO. 3 



LESSON OBJECTIVE: 



To construct a treatment system appropriate for 
simple water purification. 



TOPIC 



Assembling 
Treatment Systems 



\ 



INSTRUCTIONAL PROCEDURE 



Ask students to recall the functions of 
component parts of various treatment 
processes • ' 



Divide students in working groups* 

Let ench assemble a most complete purifica- 
tion system. j 

Test the efficiency of the constructed 
treatment systems. 



\ J 
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SUPPLEMENTAL 4AATIRIALS/ 
- RELATED READING — 



Sand filters, chlorines 
tors, aerators, settle- 
ment basina, chemicals, 
measuring vessels. 

Section tt on the 
functj ons of component 
parts of various 
treatment processes. 
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CONSTRUCTION TECHNIQUES 
LESSON NO. 4 



LESSON OBJECTIVE: j[To install a storage tank and distribution pipes 

i! - - - - 

properly suited to the local environment. 



TOPIC 



Building a 

Distribution 

Reservoir 



Pipe Laying 



INSTRUCTIONAL PROCEDURE 



Take a field trip to storage sites « 



Using model designs, let each student 
assemble a distribution reservoir* 



Stress the importance of outlet, inlet and 
overflow pipe screens. 



In a field inspection of local systems* let 
each student trace a distribution line from 
reservoir to a house* 



As fiel^d exercise, take the whole class to 
dig a trench and lay 50 ft* of pipe* 



is 3 



SUPPLEMENTAL MATERIA 
RELATED READING 



Section U on store* 
tanks* Central disti 
but ion system* 

Plans and model bioc^ 
ins time tion manuals 
on assemblage. 

Paint and brash 
(or spray). 



Short pipes of differ 
ent diameters, pipe 
joints, welding torch' 
Rivets* 
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SECTION 6 



OPERATION AND MAINTENANCE 



OVERVIEW: 



A good water source, a well planned treatment and_distr1byt1dh_system 
and good construction practlcesdq not ensure a safe and continuing - 
supplytq consumers. If the system- is not operated correctly^ and 1f 
it 1s not maintained, the system will soon be unsafe and may be un- 
usable even if the_water femains_safe.__The correct operation and main- 
tenance of the system is of prime Importance. 

This section covers the operation and maintenance of a distribution and 
treatment system. It also covers the training 6f_local workers to assist 
apd eventual ly operate and maintain the system. This training must be 
tffective, or the system will deteriorate rapidly after the PCVs stay 
has ended. 
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SECTION 6: 



OBJECTIVE: PreplrearLlnstru^ for the operation 

and maintenance necessary to keep the above 

established system going. Tfils should act as 

a_ reference for trained personnel, oras a training 
manual for the unskilled. The manufacturer's 
recommendations for the operation and maintenance 
procedures must be slmpl If led and/or translated 
as situation demands so as to be easily followed 
by the operator or maintenance man (or trainee) 

TASKS: 1. Write a guide to water Inspection at the source 

2. Devise laws safeguarding the source from trespassers 
who can either cause mechanical damage to machines 
dr cpntamlhati water_^t source by Indiscriminate 
use of it, e.g., swimming or washing at an open 
reservoir. 



3. Write down safety and sanitary precautions that 
must be observed by the operator or malntenaLiCe, 
mfD* e.g. , where to store chemicals, or where to 
wash their hands, etc. 

4. Draw large scale picture of the pump or engine, 
labeling all operating switches {1n local language 
if necessary); Include a corresponding chart of. 
directions to be followed In starting and closing. 

5. On_the_]arg|-scale picture and the machine Itself, 
Indicate with arrows where grease, oil, or fuel 

Is applied and how often this should be done. 

6. For a new component, set the limit of repairs the 
local operator can do, and write down to whom the 
need for major repairs should be reported. 

7. Draw a flow chart of the treats plant*, and 
write down at each stage: 

a. fh| pyrlficat1on_procedures to be carried oc> 
and howi e.g., at chlorlnator add 11/2 cup 
RTR to a gallon of water and stir thoroughly, 
etc. 

b. The cleaning of the parts, e.g., backwashing 
the filter, etc; v 



8. Draw large-scale maps of distribution system showing 
the Inspection valves, Identifying marks. 

9. Draw up a record-keeping chart which must be used 
to record what repairs have been done and when, by 
whom, etc. 
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OPERATION AND MAINTENANCE (cont.) 



10. Write. down directions for cleaning of water sources 
and pipes. 

11. Lay down rulesregardlhgthe^ 

service connections to ensure that there Is no 
unchecked connection to the mains; such connections 
can reduce the pressure 1n the mains. 

12. Design a system of building up a stock of spare 
parts over the_years from the very beginning. Te 
These must be the parts which often need regular 
replacements. 

13. Design a rack for tools so they can be easily 
reached when heeded. 

14. Devise fire drills which must be used to train the 
operators and servicement sbthey can fight small 
fires at the pump or engine house. 

15. Build an Inventory of parts which - can be used 1n 
case of emergency. 

16. Recommend tools accordlhgtothescope of the work 
the operator or serviceman 1s capable of doing. 

17. Set the limit of motor repair worksthat can be 
done locally, and when to call for an experienced 
repairman, 

IB. Simplify (or translate) the producer Ls_ motor repairs 
and maintenance manual so it can be followed by the 
serviceman. 

19. Prepare a financial statement procedure. 

FUNCTIONAL SKILLS: 



1. Decide what points of the source are to, be Inspected. 

2. Recogn1?|_the_risjc_pf^ public access to 
source and pumphouse premises. 

3. Recallsanitary standards to be maintained during 
the operation and repair of water system. 



4. Recognize harmful characteristics of chemicals, 
fuels and oils used. 



Simplify or translate producer's operation and 
maintenance instructions. 
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QPERATION AND MAINTENANCE (cont.) 



6. Draw plans of machines. 

7. Assess the capability of serviceman or operator 
as regards to his job; 

8. Recall the various treatment processes in the plant. 

9. Draw maps of distribution systems. 

10. Recogn1?e_corjdlt1ons .indicating that pipes, sources 
or storage tanks need washing. 

11. Recall therelationship between the available head 
and the required head at the service connection. 

12. Recognize parts of equipment which most often heed 
replacement. *" 

13. Make simple designs for tool racks on walls. 

14. Decide what extinguishing materials should be used 
fpr fires of different origins - 9 e.g., electric 
fires, etc. 

15. Recognize the vital parts of the system which must 
have spares 1h the inventory to be used 1n case of 
emergency. 

16. Compare the operator's capability with the structure 
of the engine, pump or motor he is to work on. 

17. Recognize fault in the functioning of the motor. 

18. Follow and/or translate the producer's manual .on 
operation and maintenance. 

TERMINAL PERFORMANCE TESTS: 

1. Given an operating water source* list the points 
that must be Inspected during periodic maintenance 
checks. 

2. Write down laws which shdutdbe posted as public 
notice prohibiting trespassing on the system pre- 
mises. 

3. Lis t_ the precautions to be taken when cleaning the 
source and pumping house. 

4. Given an electrically powered pump, draw its diagram 
and indicate the power connection. 
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OPERATION AND MAINTENANCE (cont.) 



5. Given a iiiutbr and its diagram,. Identify the corres- 
ponding parts labeled on the diagram. 



6. From a detailed report on the capability pf_twp__ 
operators, set the limit of repairs each can carry 
out on a given pump and engine. 

7. For a given treatment system, draw a flow chart of 
the different stages. 

8. In a field exercise, follow the pipeline and draw 
a largerssale map of the system, showing the loca- 
tions of all inspection valves. 

9. Draw a chart for record keeping for the maintenance 
of a given system section. , 

16, Write the steps to be followed 1n cleaning a supply 
pipe and storage tank. 

11. For a given available head, determine where 
service connections can be installed without too 
much reduction of pressure 1n the mains. 

12. In order of priority, list the spare parts of a # 
given system which should be Inventoried. 

13. Given a list of tools available at a pumping station 
design a rack to hang the tools 1ri an easily acces- 
sible place. 

14. Design a drill for fighting: 

a. An electrically caused fire 

b. Gas fire 

15. tist the recommended minimum requirement of spares 
in emergency operation. 

16. For a given motor and serviceman, determine the 
limit of repairs he can do. 

17. Simplify a given manual on engine operation and 
maintenance. 
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MATER SOURCE MAINTENANCE AND INSPECTION 
QUALITY OF WATER AT SOURCE 

After water has been purified, cleanliness of all handling facilities 
Is of utmost Importance. All stations and men who maintain them must 
maintain the sanitary quality of the water. 

WELFARE OF PERSONNEL: 

* - - 

Persons suffering from communicable d1seases_must be prevented frpm_ 
coming Into contact with the water supply*. Jhlslncludesgrass-cutters 
1ri th| premisesbf the pump-housej attendants who clean the filters 
and storage plants, etc. All personnel should be medically examined, 
at least once a years preferably just before the annual cleaning opera- 
tion. 

PROTECTION OF FACILITIES 

1. No unauthorized persons to enter pumping stations, treatment works, 

etc _ _'_ _ --M- 

2. Open reservoirs should be fenced and the. gate locked wherever possi- 
ble* A guard should always be on duty to stop trespassers from 

' _ washing or swimming 1n the reservoirs. _ - - 

3. Install drinking fountains In a proper places and a place for work- 
men to wash their hands. ___ 

4. LatHnil should be built 1n the vicinity, but at a safe distance 
from the source. A , , 

5. Pump-house must be locked whenever. the attendant 1s cat of tt. 

6. Trespassers should be handed over to the local authorities for 
punishment. . _ _ __ _ — 

7. Chemicals and fuels must be stored at their designated places at 
alltimes. __ . - 

8. Inspection of water quality arid quantity at_ the ^ spurce mwt be ^ 
carried but regularly and reconmendations made whenever applicable. 

INSPECTION REQUIREMENTS 

1. Check all exposed joints for possible leaks. __ 

2. Check possible growth of micro-organisms (e.g. algae) In the system. 

3. Metal surfaceswhleh come Into contact with purified water (e.g. 
plpes) should be checked for possible emission of chemical solutions 
into the system, i_ - - - 

4. Accldfrital cross-connections of pipes often occur* and the Inspector 
must make. sure. there are nonsuch mistakes,. 

5. Where appHcablf, pressure in the system must be maintained at the 
desired level at all times. 

OPERATION AND MAINTENANCE OF AUTOMATIC FACILITIES 

Once a system has been installed, 1t 1s essential that maximum attention 
be paid to Us maintenance and smooth operation. Experience points out 
that 1t 1s not often possible to find men with necessary skills to 
operate the system. Most often than not, such men have to be trained 
from the scratch. 
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PERSONNEL TRAINING 

1. Select possible employees for administrative and operat1vf_jobs_ 
early during the construction period. During this time, the men 
have an opportunity t6 leant how the system has been put together 
and works. 

2. Where many such projects are run, a period of training personnel 
1n key responsibilities Is strongly recopnended. Jh1s_shoyld be 
devoted to Instilling Into them the concept ^that the project Is 
theirs and therefore rtiust be treated as personal property. 

3. Manufacturers 1 recommendations as to operation and maintenance 
procedures should be simplified (or translated) so that the men 
may scrupulously observe. This Is especial ly Important with re- 
gard to pumping machinery. 

4; Draw large scale picture of the equipment In question and draw 
arrows Indicating where and what to do. 

5; On the equipment 1 r tself, wherever possible, larqe labels should 
show where to apply grease, fuel, etc. 

6; Supervision should ensure that procedures and schedules are fol- 
lowed. 

EXAMPLE OF A SIMPLIFIED TECHNICAL PROCEDURE: 

A flow chart of a treatment system 1s shown below: 



SETTLEMENT TANK 



Let water 
stahdfor 
4 day s 



TO SERVICE 
.CONNECTIONS 



Open side valve 
and let water 



flow down 



Gravity 
Flow 



DISTRIBUTION 
RESERVOIR 



FILTRATION 



Slow sand 
filter 



spray Water down 



CHLORINATOR 



Water tight 


e 


cover 


jpump 



Add 1-1/2 cup 
HTH to 1 gal 
of water and 

StlJfU 



Fig. 58 Treatment System Flow Chart 
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RECORDING REPAIRS 

Conwnon causes to major system breakdowns: 

1. Operators unable to recognize sighs which portend failures and 

breakdowns. _" * _ - . l.j 

2 Operators with no skill to pinpoint and repair minor, breakdowns, 

but try at random to tighten a hut or screw. This often results 

in greater breakdowns^„ -_- _ ---- - - - r^-r 

3. Operators using equipment and materials under conditions for which 

they were not designed. 

Record Chart - The Illustration below can be modified to suit the 
° CCaSl0n " TABLE 8 REPAIR RECORD CHART 



Description of Breakdown 
At Source 



1. Crac'ced well -cover 

2. Decrease in well yield 



Pump 

a. 

4. 

r 



. r i. 

Broken pump belt 
Clogged plugs 
Broken cup leathers 
(washers) 

6. . Faulty fuel arid air 

filters and cooling 
fans 

7. Faulty Injectors 1n 
. diesel engines 

Distribution System 

8. Leaky reservoirs 

9. Leaky pi pe_joints and valves 

10. Broken Inspection covers 

11. Faulty. meters 



Purification system 
12. Faulty chemical dispenser 



naq<Hf IrflMon 


Minor 


Major 


Operator 


Consultants 


* X 




X 




X 


X 




X 




^X- 








X 




x 




X 




x 




X 










X 






X 




— X 




X 

x 




X 


X '~~\ 


X 


X 

J 



The above suggestions should be expanded to suit the scope of the^system 
and the capability of the operators and maintenance men.' See Table 9 
as an example for the maintenance of a 6.M. Diesel 71. 
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TABLE 9 MAINTENANCE CHART OF A 6.M. DIESEL 71 



\ _ » 


Dolly 


- 
8 

iwi 


— 
50 
Mown 


100 
Hour* 


■ — 
200 
_He*r» 


— 
300 
Hour* 


— 
500 , 
Homo 


J,CQO 
Hour* 


— 1 
2,000 
Hear* 


i 


740 
Mile* 


Miiee 


3 OCX) 
Milae 


Mi lee 


9,000 
Mile* 


15,000 
Mile* 


30^000 
Miiee 


40,000 
Miiee 


l^tingine ©jj 


1 A 






j 




r 











1 ■ 
1 ■ 


















3. Cool on t and Filter , , 


* 


- 










X 


w 
A 




4: lelfe and Fan looting* 









f— 









A 


A 


5. Hoof Exchange* Electrode* and Car* 








j 






X 


X 




6. Hom% 








f 






w 

A 






7. taw Walaf 


X. 






j 


- 










t. lodioior 








i 










w 
A 








9. Fw«l Tor* 


i X 








/ — 




X 






10. Fuel Strotnar and Filter 


X 








/ 


X 








It. Air Cleaner 




X 
















12, Slower S*/eer> 








j 

1- _ 









X 




| 13. Air lo*i Drain* 










X 




X 






' 1*. Crtr^ca** Vontiloiion 
















X 




15. Starling Motor ; 
















— 


_ . .. 


1 16. lottery- Ckonjing Ganorutor* 








1 X 


X 




X 




X 


17. lattery 








X 












18. Tbchomotar OrUe 








_.x _ 


— -- - 










19. Throttle Control* 




















20. tuna* Up 






/ , 










A 




21. Power Take- Off 




X 


ir 








X 






22. Reduction Coar (Single Engl** Unit) 




X 


X 










X 


. A 




23. Torqmoric Marine Gear 


X 




















24. Paragon Marina' Gear 


X 








X 






\ 


0 


25. torqmotic Converter* 


X 
X 


X 
















■ X \ 






X 


\ 


,26\v Reduction 0 ear (Multiple Engina tnoaiiriol tfrit*) 
?7 t^ciir* Gaar (Multiple tnglna Marina Unit*) 


X 
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X 








\ 


28. Turfeockorgar 


X- 
















. *x 




29. Ovanpaad Governor 
















X 






30. Powar Generator 








_x 




X 








3j. Trammiuion (ftailcar) ^ 


X 




i ; 










X 




32. OH Filter (KoUcor) 




















33. Hrortarartar 
















X 


X 



Mingle oral MultlpW Engine Unit* t ] 
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RECORD KEEPING 

The operation and maintenance of a distribution system require the 
establishment of system maps and records. 

Requirements of the Systems Map f * 

1. Large scales nolesl than! :10,00b 

2. Show all Streets and their names 

3. Locations of mains and their sizes should be shown - • 

4. Valves (ahdhydrants)m^ numbered appropriately. 

5. Sources . reservoirs and pump-houses should be included in the 
map.-_ - . -. - - _ 

6. A wall-fizemap ofthe whole system. should be supplied for office 
~use. Copies of the map should be divided 1Mb sections and bound 
for easy handling in the field. 

REGULATIONS FOR INSTALLING NEW SERVICE CONNECTIONS BR EXTENSIONS TO EXISTING 



1. 



New ponnections should be made only with the full acknowledgement ofthe 
designer, who should Rnqw hethfrthefewill be enough pressure for that 
branch. _ I n_ this way_ the problem of maintaining adequate pressure in the 
system can be eliminated. • * 



2. v Fihahcial_agreeoients (where applicable) should be reached before such a 
connection Is Jmde; 

3. The connection must be made by a regular insf&ller in the system. 

4. In small witer-luppjy icheifies, these connections sboujd be rigidly 
connected to the street pipe, and the addition included 1h the systems 
maps for up-to-date record. 

5. New pipes must be disinfected before inclusion 1h the system. 

6. Open ends should be covered during construction ^period. 
REGULATIONS FOR CLEANING THE M^Ii UflONS SYS TER 

1. bead-end branches must be cotnpletely flushed regularly. 

2. Other systems should have a thorough cleaning at "east once a year. 

3. During the general cleaning the systems should also be inspected for 
possible deformities. # / 



I NVENTORYING FOR O PERATION IN EMER GENCIES 



Building up a stock of spare part| A _1f ftarted from the befinning/will 
spread, thfexpense of their purchase over the first ten years. Minimum 
requirement of spare parts stock; 
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PARTS 

1; For gasoline engines - sets of plugs, gaskets, gasket- 
pound, spare magneto, gasoline-feed pipe* air and oil 
carburetor float, spare washers for gasbllhe-feed pipi 
timing chain. 

2. Fqr dlesel engines;- sets of Injectors, gaskets, gask< 
pound. Washers, filter elements, fuel pipe, timing chi 

3. For electric mbtors - sets of fuses* brushes, 1risulat1 

4. For pumps - cup washers, valve rubbers or leathers* bi 
fasteners, grease nipples. 

5. For mains and distribution systems - minimum of half -< 
for each dlametfer, joints, tees and bends, odd v*lve, 
and hydrant for each size. 

FUEL 

In order to estimate the required quantity to store* bhen 
guide: 

Small dlesel engine consumes ;06 gallons of diesel fuel pi 
each horsepower. 

Small gasoline engine consumes .08 gallons of gasoline pel 
each horsepower. , 

Lubricating oil for engines +» 1/15 of fuel consumption. 

STORAGE 

i; Protection against dangers of fire and theft. 

2. Underground tanks recoiSnended for large vvs terns. A hi 
pump can be Installed. * 

3. Fc* small systems the fuel drums should bekept In fli 
store. The drums should bekept^lmost horizontals oi 
at a convehlent height above floor to allow measuring 
stand below the tap on the end of the drum. 

4. = Allpwanceshould be made for 2% lbss_bf gasoline, IX 
P fuel In the tropics. 

5. Accurate record of fuel consumption should be kept. 

6. <'No Smoking" signs should be posted and the nil? enfo 

7. In case of electr1call^_po«red_sysiems ail Pjfl™"* 1 
and observe the safety regulations. No unqualified p 
try to, wire or repair anything, on the system; 
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CHEMICALS 

1. Most commonly used chemicals are bleachlng-powder arid high test 
hypochlorite (HTH) 

2. Bleaching Powder - must be stored In dry, cool place. 

3. Minimum stock must be specified depending on the capacity of the 
system. 

4. Persons who get Into contact with these chemicals should wash them 
off ipiediately. 

TOOLS 

Where there Is no skilled fitter or mechanic in charge, a minimum n 
number of tools should be kept in order to keep to a minimum repairs 
*that might be attempted by the Inexperienced repairman. However, the 
following should be available: 

1. Plug spanner, a pair of spanners to fit the fuel-pipe lines, hammer, 
screw driver, and pliers for belt fixing^ 

2. Oil can, grease-gun^ fuel and oil measures, watering-can and bucket, 
head pan,' chemical measures. 

3. Shovels 

Tool Rack v v 

\ ;_ 

1. Should be designed and built on the walls. Systemmatic label- • 
ling of such tools should show at a glance which tool 1s missing. 

2. Should be within easy reach from the floor, 
FIRE PROTECTION 

Full protection should be provided against fire. Flre-f1ght1ng equip- 
ment may consist of: 

1. Buckets containing sand or water ** 1 

2. Chemical extinguishers 

3. Asbestos blankets. 

Regulations _ \ 

1. ^1re-dr11I|_should_be organized to make sure the men can use 
the equipment effectively. 

2. Fire buckets should be painted red and labelled "Fire" . Strict 
rules must be enforced for proper use of such buckets. 

3. Where water stands in a bucket It must be renewed once a week 
to prevent mosquitoes breeding in the pump-house. 



£31 



165 



ERIC 



FIRST AID KIT 



A first aid kit 
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should belh every pump-house or treatment house. The 



men should be' trained on the proper use of each Item In the box. It 
must be pointed out that these are; for the Immediate personnel* not 
relatives.. If pot checked, this could prove expensive for the water 
management. 



MAINTAINING CONSTANT INVENTORY 



1. Whenever an 

2. Spares must 



item is used It must be replaced Immediately* 



3^4 



be kept in locked cupboards or box$s with proper labels 

3. A ? 1st of ||T I avallable spares /In the 
of which should he filed; / J 

-4- --/ 4- 

TYPES OF FINANCIAL-S TATEMENTS FOR SMALL WATERWORKS 



box must be included* a copy 



DETAILED COST BREAKDOWN 

breakdown Is calculated for the iotl yearly production 



A detailed cost 
of water. 



Production Costs J 

Water pump ing labor / 
Water pumping electricity (or other fuel) 
Other product ion expense ; 
Depreciation y 
Insurance / 

Iriter|st_ ]__ ,_ 

Allocated administrative expense 

Total production costs 

Distribution costs 

Operating expense 
Maintenance! 
Depreciation 

Insurance ; 
Interest 
Stores expense 

Total distribution costs 

0^f>er operating costs 

Customer accounting and collecting 
Administrative and general 

Total otfier operating costs 

Total all costs 
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Net income to surplus 



tal water revenue 



Administrative and general expense 



Sales promotion expense 

Sales: general * officers and executives 

Othefgeneral office salaries 

General office supplies and expanse 
Special services 
Legal services 
Insurance 

Miscellaneous general expense. 
Maintenance of general property 
Rent 

Rent oh office equipment 
Stores expense 

Total 

STATEMENT OF OPERATING EXPENSES 



The following operating expenses are tabulated for both monthly periods 
and the year to date. 1 



Production expense 

£pera_tj .on supervision — — 
City water pumping labor 

Ml seel lahebus station labor 

City water pumping, electricity, and fuel 

Station expenses 

Maintenance of structures and improvements 
Maintenance of city wells 
Employees 1 welfare and expense plant 
Treatment labo* 

Treatment supplies and expense 
Maintenance of structures and Improved 
Maintenance of treatment equipment 

Total 

Distribution expense 



Operation supervision and engineering 

Operation of lines 

Services on custo mer premises 

Street repairs, labor arid material 

Maintenance of mains. 

Maintenance of valves and equipment 

Maintenance of services 

Maintenance of meters _ 

Employees 1 welfare and expense— district 



Total 



331 
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Customers 1 accounts and collecting 

Customers 1 contracts , meter reading 
Customers 1 bluing and accounting 

Total 

PROFIT OR LOSS STATEMENT 

The profit or loss statement features, in addition to the following Items 
figures on the number of customersserved by the utility* and the amount 
of water pumped, sold, anrf lost, The number of cystpn«rs_fpr that month 
is cpmpared to the number for the same month In the previous year. The 
amount of water purped ^ ild and lost Is tabulated for that morithi for 
the year to date, a*d fit the 1? previous months to date! The net pro- 
fit or loss is d"r*«" vp lor that month and the year to date. 



Operating revenue 

Water sales 
Water _fof city__ 

Interdepartmental sales— plant use 

Total 
Water taps 

Service charges 

Miscellaneous revenue 

Total aerating revenue less charges for water for city 



Operating expense 

Production expense 

D1 5 tr 1 button expense 

w €ustomercol lection and accounting 
Administrative and general 

/ Total 
Depreciation 



Other expense 

Bond Interest expense 
Interest on contracts 

Services to city 

tabor and material— fire hydrants 
Other services to city 



Net operating revenue 



Total operating expense 
Net operating profit 



Total 



ear 
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OPERATION AND MAINTENANCE 
LESSON NO. 1 



LESSON OBJECTIVE: 



to outline rules that must be observed by operators 
and maintenance men and devise laws safeguard ;■ " 
facilities from trespassers. 



TOPIC 



Rules for 
efficient main- 
tenance and opera- 
tion of water 
works fncili ties 

Protection of 
facilities from 
trespassers 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MaTER 
RELATED READING, 



Discuss need for water inspection* 

Tour nearby pumping stations^ treatment and 
storage facilities. 

Discuss in class how the stations you 
toured meet these standards* 



Discuss in class the possible (and probable) 
risks of unrestricted public access to 
supply facilities. 



Nearby water supply 
system* 



Section on sanitary 
standards of water 
at the source; 



33 J. 
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OPERATION AND MAINTENANCE 
LESSON NO. 2 



LESSON OBJECTIVE: 



To simplify operational and service instructions 
so that efficient 36b be done by a relatively 
inexperienced man* 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEWEN-TAL JfiUtTERULS / 
RE LATED READ I NG 



Weed for simpli- 
fying technical 
instructions; 



How to simplify 
technical 
instructions . 



Exercise 



Discuss in class the difficulty of finding 
skilled labor in developing countries • 



tectureon hov to simplify technical 
materials. 



Demonstrate how to label instructional 
procedures bh a machine. 



For exercise, give out n. sample of 
manuf acturers * instructi ons tO-Operation^ 
of a pumpi 

Let students simplify it. 



WHO Monograph^ Series #42 
Chapter 9. 



Copies of operators 1 
manual_for hand- pump 
installation if avail- 
able (relevant substi- 
tutes if necessary). 
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OPERATION AND MAINTENANCE 
LESSON NO. 3 



WESSON OBJECTIVE: 


To prepare a record keeping chart for repairs^ set limits 
to repairs that can be done by the operator and recommend 




who to contact for major repairs. 




TOPIC 


INSTRUCTIONAL PROCEDURE 


SUPPLEMENTAL MA^ERiAlf 
RELATED READING J 


Capability of 
the operator; 


Discuss in clasii how to determine the capa- 
bility of an operator by serviceman^ 






students to draw up criteria for assess- 
ing* the operators' capability with respect 
to the structure of the system* 


♦ 
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OPERATION AND MAINTENANCE 
LESSON NO. 4 



LESSON OBJECTIVE: To draw a detailed map of the distribution systems^ 
specifying regulations for installing new service 





connections and cleaning procedures • 




TOPIC 


INSTRUCTIONAL PROCEDURE 


SUPPLEMENTAL MATERIALS / 
RELATED READING 








Record Keeping 


Discuss in class the frustrations of "lost" 
systems . 


Water Supply for ittmil 
Areas arid Smal 1 
Communities, pp. 2&. -5 
(WHO Monograph Seriec 
No.' 42. Geneva 1959.) 




Review section on residual pressure in 
service connections. 




Kx tension of 
Distribution 
Systehs 


Review the characteristics of dead-end sys- 
tems* 

Relate them to the importance of regular 
flushing of the systems. 


Annex 9, P« 316 in 
same book above. 


e 


3 
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OPERATION AND MAINTENANCE 
LESSON NO. 5 



LESSON OBJECTIVE- 



To design a system of building up an inventory 
and emergency precautions. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MATERIA 
, RELATED READING 



Inventorying 



*'M r.imur Required 
litork of Spare? 



Exerc ise 



lbbl Rack 



Fi re-fighting 



First Aid 



Discuss in class the advantages of long_terin 
planning in building up a stock of inventory, 

Ask students to name what parts of engines - 
require regular replacements; 

Draw up the minimum required stock of spares, 

For exercise, iet students determine the 
minimum stocks for fuels (diesel or petrol) 
to be recommended for small engines. 

Demonstrate how t.p design a good tool rack 
suitable for use in small pump houses. 

jn the field demonstrate how to use various 
fire extinguishers and conduct a fire- 
fighting driili 



Demonstrate how to use first-aid kit; 



' SVJ. 



Specify engine capac; 
for each student] e. 
i hpi, 10 hp., etc^ 
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OPERATION AND MAINTENANCE V 
LESSON NO. 6 

LESSON OBJECTIVE: To prepare a procedure for systemmatic records 
of financial transactions. 


TOPie 


INSTRUCTION AU PROCEDURE 


SUPPLEMENTAL MATERIALS / 
RELATED READING 


Financial Report 


r 

Discuss in class the importance of .proper 
financial report as a vital part of good 
: management. 






r 

• c 
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SECTIGN-7. 




1 SYSTEM PROJECTS IN HOST COMMUNITIES 



OVERVIEW: 



The primary. reason for construction of a disposal project Is the improve- 
ment ofpblichealth standards. Therefore the trainee mast learn the 
characteristics of an adequate system, how disease is carried from. excreta 
and how the excreta may pollute the nearby water supply. To adequately 
ensure the improvement of the health standards, the community must be 
taught the importance of using the new facilities. 

This section covers these' general requirements of a disposal project. 
The traineewill learn the important characteristics of an adequate sys- 
tem. Hewil] also_leafn_tg_^ecggnize the human factors that must be con- 
sidered to ensure the use of the facilities and therefore the effective- 
ness of the project. 
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OISPOSAL SYSTEMS 



SCOPE PF DISPOSAL SYSTEM 
PRQO£CT~i^"^TN tjQST~^C OMMUN ITI ES 



Identify the factors that must be considered 1h 
planning an economically feasible village or 
rural disposal system. 

Define an adequate sewage disposal system that 
meets, the basic needs of a rural or village 
"environment. 

Identify the types of -appropriate sanitary measures 
that can Usually Improve existing rural or village 
disposal systems. 

Identify the situations In which cesspools, seepage 
pits, and septic tanks are potential sources of^ 
cohtaMhltlori of the various Water supply sources. 
Irrigation systems, or the surface soil, 

Recognl ze_ the_ s 1 gni f 1 cance bfcbmnunlty att 
and habits about sanitation and personal hygiene 
as they affect the planning and construe tibh of 
disposal facilities. 

Identify the situations 1h which cesspools, seepage 
pits, and septic tanks are Inadequate or not feasi- 
ble. 

_ A . . ( ■ , 

FUNCTIONAL SKILLS: 

\ _ ; 

\ 1. U _. v oivlronmental cpndl tlons that^are neces- 
\ ?&ry fcr r.ie transmission of disease from excreta. 



2. identify the agert|s and avenues of transmission of 
disease from excreta. ». ■ ( : „ . 

3. Identify the sanitary measures possible within the 
scope of a rural or village disposai system that 
will block the transmission <Sf disease from excreta. 

4. Identify the types of water .supply sources. 

5. List how far (vertically and hbrtzohtally J faecal 
bofnediseasescan be transmitted in a variety of 
soil and roclc~types. 

Alter privy exteriorsto bel compatible with the 
attitudes and practices of hygiene In. a village 
or rural ./community _w1 thou It changihg Its fundamental 
characteristics and efficiency. 



OBJECTIVE: 



TASKS: 1. 



\ 

3. 



\ 



5. 
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SCOP£ 0F- 

mjEeTS: IN HOST IMMUNITIES (cont.) 

7. Calculate the total amount of excreta per day per 
community. 

8. Recognize the benefits to be JJertveci from a well- 
planned and Implemented village disposal system. 

9. List the factors that affect the extent of diges- 
tion in a pit privy. 

10. List the relative costs of Septic tanks* cesspool's 
and seepage pits. 



TERMINAL PERFORMANCE TESTS: 

1. On awrltten examination, 11-st the channels of 
transmission of disease from excreta and Identify 
what Sanitary measures can be employed to block 
these channels. 



2. Correctly Identify the various types of water 
supply sources. 

3. Given avarietyof splland rock types * correctly 
list opposite each one how far faecal borne 
disease can be carried rfri It. 

4. Given an essay describing the personal hygiene 
habits of several community members, design privy 



ixteriprs that are compatible with their prac- 
tices of personal hygfiehe* 

Given the population /of a community - 9 calculate 
the total amount of £xcreta per day for that 
community. 



6. Correctly recall the prbbableextent of digestion 
in a pit pflvy^Vlst the factors that affect this 
amount, and 11st the exteirt of Influence each one 
of. these factors has. X 

7. Correctly list the relative cdsts of septic tanks, 
cesspools, and sewage pits. 



a? r , ' I77 

ERIC 



-163- 



MSPQSAL-S*STEttS 

SCOPE OF DISPOSAL SYSTEM PROJE CT S IN HOST COMMUNITIES 

PUBLIC HEALTH IMPORTANCE OF EXCRETA ^CSA t 

The Inadequate and insanitary disposal pf_1nfected human faeces, 
the contamination the ground and of wnter supply sources. It 
attracts certain species of flies to lay their eggs,, to breed, t 
•the exppsed material ,_ahd_ to Lc3|r?y_1iffecl1ohj.._It also attracts i 
animals and rodents andother vermin which spread the faeces; an< 
times creates intolerable nuisances- 

Poor. excreta disposal is often associated with the lack of adeqtf 
supplies and of other sanitation facilities and. with a low econor 
or the rural population. These conditions, all 'affect tHe healti 
being of • the people in a community. 

When proper disposal systems exist, It is known* that the 1nc1den< 
large group of diseases .is reduced. This group of diseases Inclt 
era, typhoid and paratyphoid fevers i_the dysenteries s Infant dial 
hookworm disease, ascariasis, bilharziasis, and other similar int 
infections and' parasitic infestatipns. 4 These diseases lay a hea\ 
infants t_whose ipiyjli ty i| low ah hot great 

cope with an infection after it becomes established. 

Proper practices of excreta disposal car result ih increased 1 iff 
healthier and strong people mare effectively-able to cope with tt 
rxirimcrit, and opportunities for improved local living conditions. 

ROW DISEASE IS CARRIED FROM EXCRETA I 



Man is the reservoir of rost of the diseases that destroy or Inca 
him. The faecal -borne infectious and infestations already mentic 
the cause of tremendous J pfses in i death _ahd debility. It _1s_1nt< 
to note_ that all these diseases are controllable through good sar 
especially through sanitary excreta disposal. 

In the transmission of these diseases from the sick, or from can 
disease, to the healthy^ the _chq"ih_pf_ events , as shpwh in Fig.59 
lar tothat for many communicable diseases. In order to transmit 
the fol lowing factors are necessary:' 

1. causative agent; _ 

2. reservoir or* source of infection of the causitive agent: 

3. mode of escape from the reservoir; 

4. mode of transmission from the reservoir to the .potential 

5. mode of entry into the new host; 

6. susceptible host. 



\ 
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Fig. 59 Transmission of Disease from Excreta 




Channels of Transmission of Disease from Excreta 

I 




Stopping the Transmission of Faecal -borne Diseases 
by Means of Sanitation 

! 
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The absence of a- single brie of these six condition^ makes the spVead of 
disease Impossible; As may bfc seen frorr thS diagram In Fig] 59; \there 
are many ways in which the causative agerit of enteric disease reaches a 
n^w host. In different Mparts of the world, different modes j of tr Hssion 
may assume various degrees of importances In some areas, water, : and__ 
milk may be most Inportan^; in others* flies and other inserts; and in still 
.others , direct contact may assume a major role- What is most probable Is a 
combination of all, and the sartitary worked must assume tha^ this IsVthe 
case and guard against all modes of transmission, j \ 



I ST ICS OF AN ADEQUATE SYSTEM V 



\ 



The^health objective of sanitaryexcreta disposal 1^ faeces \o 

that the infectious agents In them cannot possibly get to a new host. Pig. 
2B shows the place where a sanitation officer might choose to erect a bar- 
rier to break, the chain of disease transmission from excreta. 

Any aderjate disposal system must satisfy the following four conditions: \ 

1. The surface soil should not be contaminated. ; \ 

2. There should be no contamination of ground water that may enter \ 
springs cr wells. 

^3. There should be no contamination of surface water. 
5. Excreta should not be accessible to flies or aniptals. 

In addition it is highly desirable that 

1. there should be.no handling of fresh excreta; or/ when this is 
indispensible, it should be kr"^ td a strict minimum. 

2. *here should be freedom! from ' *s or unsightly conditions, 

3. ne method used should be sirr and inexpensive 1n construction 
,\nd operation. \ 

POSSjlBLE SANITARY MEASURES IN RURAL A» t AS n 

f _ i _ - 

It should be noted that, in many countries, more than 80% of the popul . tioti 
1 ive in rural areas and smal 1 communities and, as a general rule, have a 
low income. In most cases, all the elements or rural sanitation are absent 
and indiscriminate fouling of the soil with huma.i excrement is common. ~Sjch 
conditions are also found in rural areas, near towns, and aggravate the ur- 
ban' sanitation problems. The menace of inadequate excrete disposal Is pre- 
sent to long as sapitary privies are lacking in a community 

ttLral ^ethuJs of exrrrrta disposal includ^pHvy systems and water-carried 
sewanc systems. Of the privy systems, on ry- the pit privy and sanitary la- 
tr-.ncs need ho ^ jrisiderO'J. Wattir-carried ~ewage systems .include cesspools, 

seep- -p pf*5i anr) septic tanks. i. 



i 
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TiiE PRIVY METHOD 
The Pit Privy 

T^Pltpriyy is used almost e^clysiyely .throughout the Western 
hemisphere and Europe and is common in parts of Africa and the 
Middle East. With a minimum of attention to location arid construe 
tiqri, there_will be rid soil pollution and no surface -or ground- 
water contamination. The excreta will not be accessible. to files 
if the hole is kept covered; but, even when the hole is left open, 
the fly problem will npt^be_yery great since flies are not attrac- 
ted to dark holes and surfaces. A good super-structure helps to 
keep the sun's rays arid 1 ight from shining into the pit. There 
is no handling of the material; Odors ?.;e negligible, and faeces 
are normally out of sight. The pit privy is simple in design and 
» easy to use* arid does riot require .operation. Its^lifespajVwill 
vary from five to fifteen years, depending upon the capacity of 
the pit and the use arid abuse to which it is put. Its chief ad- 
vantage is that it cari_be built cheaply, in any part of the world, 
by the family with little or no outside help and fro* locally 
available materials. It has few disadvantages, and it can play 
a major role in the prevention of filth-borne diseases. 

Water Sealed Latrines 

Mention may be made here of the water-seil slab which gives its 
name a latrine called ";/ater-seal" or sometimes M pour flush" 
latrine. The water-seal slab may be installed tover a pit (such 
as that of a pit privy). Wit, oroper operation arW maintenance, 
the water seal will keep both fTieiarid odors away,, For this 
reason it may be installed as a- paft of the dwelling, preferably 
near t|ie back of the house and with an outside entrance. The 
water-seal slab is extensively Used in South East Asia. 

WATFP-CARRTID SEWAGE SYSTEMS 

j 

Experience has shown that, when running water is^available, the water- 
carried system of excreta 'collection and disposal is most satisfactory 
arid convenient under both urban and niral conditions. It fulfills all 
sanitary and aesthetic criteria. In particular, contamination of_the_ 
soil and of surface water is avbid^ are 
rendered inaccessible to flies, rodents, and domestic animals; and the 
mechanical transmission of faecal -borne diseases to man is prevented. 

One serious disadvantage, however, is the difficulty of disposing of 
t' laroe volume of wastes resulting from the addition of water. While 
Vv cities the liguid waste? are usually carried away by means of sew s 
in mo'*, rural areas of the world sewerage systems do not exist, ar.d 
liquid waste? are conveniently discharged into the ground. Since in 
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such. areas ground water 1s often tapped as a source of domestic water- 
supply, there 1s an obvious need for proper location and construction 
of the excreta disposal system, with a x u1l understanding of tht haz- 
ards Involved. 

Various methods may be used in rural areas to dispose of liquid wastes. 
They include the use of cesspools arid seepage. pits* arid the septic-./ 
tank systems, which i nyol ye settling tanks with single or multl pie com- 
partments fallowed by subsurface irriqatibn field? „ filter trenches or 
sand or trickling filters. Selection of methods will depend primarily 
upon the degree ofsetpge .treatment to be provided, upon the location 
of the system and other local factors, and, finally, uoon costs, bocal, 
factors which bear upori the selection and design of the disposal Instal- 
lation include the nature , of soil formations, the presence and levels 
of ground water and the direction of flow, topography, the proximity of 
sources of water Supply, the quantity of sewage, arid the area available 
for the disposal wo^ks . 

"The Cesspool 

A cesspool is essentially a covered pit which receives raw sewage. 

It may be of the water-tight or of the leaching type. In sortie 

cases, especially in Europe, it is made water-tight. and isriesigned 
to hold the liquid wastes which must be removed periodically, about 
every six months. The leaching cesspool , on the. contrary, 1s dug 
into pervious soils in order to allow the. liquid portion of the 
waste to seep off into the ground. The solids then accumulate 1r. 
the pit *r;d gradual ly seal the pores of the ground. 

Water-tight cesspools are usually designed fo* a capacity of 15 
gal . be> person per month or 90 gel . per person when they are 
emptied every six months: teaching cesspools have diameters of 
36 in. or more, arid are provided with an open-joint lining below 
the inlet level (see Fig. 60)- The top part of the lining, which 
is within 2-3 ft. of ground level , should be impervious and laid 
with mr.-tar. Covers with Insprcf-ron manholes are usu* 'ly provided. 
After the pores of the ground becc^e clogged and the fills, an 
outlet tee and an overflew pipe lead the supernatant liquid to a 
seepage pit. 

A cesspool shojld r?o Seated downhill from j well; in any case, a 
distance of 50 ft. will prevent bacterial pollution of the well. 
To prevent chemical pollution, too, the distance between u well 
and a cesspool placed directly uphill from 1* should be no'^ less 
than 150 ft. Cesspools of the lea-hing type should be located 
at least 20 ft. away from dwelling foundations. Their construc- 
tion is not permitted by health authorities in densely Inhabited 
communities where wells are M rcd as sources cf drlriki rig-water 
supply. 
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The Seepage Pit 

the seepage bit receives the LeffTuftht_from_aq.ua priyieSi cesspools, 
and septic_;ahks and alldws_1t to percolate away Into the ground. 
It 1s sometimes u^ed for the disposal of laundry, bathroom, and 
kitchen wastes, In_ the latter case* * grease trap may be. necessary 
bri the house sewer-line. The seepage pit may also be built at the 
lower ends of stisurface disposal tile lines in order to catch the 
septic-tank effluent which may have gone through without percola- 
ting away. 

As shown in Fig. 3, t!ie seepage pi tcbrisists merely of a round 
hole in the ground dug deep enough to penetrate 6 ft. or more 
into a porous layer of the sartfu Diameters of 39-100 in. and 
depths of 7-16 ft. are commcn. The side walls are lined with 
bricks orstpnes laid without mortar below the level of the. inlet 
pipe. The hole may be filled with stores, in which case_a_lining 

is ™t required. T|?e seepage pit should be closed with a tight 

coyer which will prevent access to mosquitos and flies and to sur- 
face water as well . 

If the soil through which the pit has been dug is not sufficiently 
porous, the_eff1ueht will slowly accumulate arid will ultimately 
overflow. Even iri porous soils such a situation is common, as 
the pores of the earth walls become choked by the qepbslt q-f the 
finely divided matter carried by the eff lyeritand by the so^tis 
built up by the life activities of zoogloeal organisms which 
thrive on the grains of the soil in contact with this effluent. 
These phenomena , in fact, govern the 1 i fe span of a seepage pit, 
which should normally last for several years (perhaps _6- 10 years} 
if the effluent only slightly turbid as a result of eff icier.;; 
primary treatment of th^ raw sewage. 

When a seepage Ht ceases to operate, a new one should be dug 
several meters aw*y. In brdertqincrease i?je life span of the 
di|ppsal_system,_it is possible to dig two or three seepage pits 
and to connect then at the top. The_distarice_between_any two 
pits should be at least three times tfoj diameter of the larger 
pit. 

The obvious disadvantage pfseepage pits is the danger of pollu- 
tion or ground water. For this reason. they should be carefully 
located. Seepage pits should preferably_b§ located downhill and, 
iri any case* at least 50 ft. away from drinking-water sources 
and wells- As in the case of cesspools, the cohstrUctlqnqf 
seepage pits is not usually permitted by health authorities in 
closely.built communities where ground water is used for domestic 
purposes. 
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Fig. 60 Cesspool Lined with targe Stones 




c 
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round-Water _ - 

epth 7 ft. or more to pervious soil 

Inlet Pipe 

Outl et p1 pe to another cesspool _ _Th1 s_p1 peserv 
only when first cesspool Is clogged and stops 
working 

6-ih. layer of coarse gravel 
Inspectlonjnanhole, (201n. x 20i.n.) 
Stones laid without mortar 
Stones laid with mortar 
Ground Level 



F1g. 61 S»<~*<ie Pit 




A = VaHal } cepth of soil 

B ■ Cement Joints 

C c Open Joints 

D * Rock Fill, 6 in- or mors 
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THE SEPTIC TANK 

The septic tank is the roost useful and satisfactory unit among all 
water-carried systems of disposal of excretaahd other, liquid wastes 
^rom individual dwellings, small groups of houses, or institutions 
'ocatefl in rural areas out of reach of sewer systems. It consists 
cf a covered settling tank into which the raw sewage_1s_lfd by the _ 
tuilding sewer (See Fig. 62, 63). The processes which take place Inside 
the septic tank constitute the "primary .treatment " of the raw sewage, 
and those wh:ch occur in the disposal _field_fprm the "secondary treat- 
ment". All liquid wastes, including those from bathrooms and Mccbens, 
may be sent to the septic tank without endangering its normal operation. 



Fig. 62 Typical Household 
Septic Tar/. 





l = 
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M 



Inlet_ 
Cutlet 
Baffle 

Floating s~'jm 
Sludge. 

Scum-clear_ space 

Sludge-clear spacer 

Depth of water in tank 

Clearance_ _ __ [ 

Depth of penetration of bafPe 

distance of baffle to wall, 

(8-l?_inO_ 

Top of baffle 1 in. below roof 
for ventilation purposes 
Tank covers, preferably r f 
Ground 1 evel , 1 ess than \ 
above tank (if less, ra* 
tank covers to ground sat 
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F1g. 63 Typical Layout of Septic-Tank System 

i i 




A — Privati houti or public Institution 
a — Mouaa §<lw« 

C - Building JowAr 

D - fitiMLi • Jntarcaptor on plpr Una from kitchan 
E - Manhpla (T 

f- - Sertlc tank J 

G - Doting chamber and alphoh 

5 "WATER POLLUTION 



H ~ Piper lali With tight Jomta 

0 *w DisWBuJton box 

a - Orbp-BQWi _9_r tarracotU L'a 

K - Abiorptlon Ulj lin«i 

L - Scapjga pit* * h « n '•R u j rt * 
M « Siop« jij ground •«^» c « l 
N — topographic contour llhaa 



Knowing how soil and water are polluted. by excreta provides useful Infor- 
mation concerning the design of disposal fac1l1t1evi_espec1a1ly_the:_r_ 
location with respect tp_sburces j>f -tfrlnklng— water supplies. After ex- 
creta are deposited on the ground or 1n pits, the bacteria l§ unable to 
move much by themselves^ may be transported horizontally and downward into 
the ground by lelchirig liquids or urine, or by rain water. Tha distance 
of travel :>f bacteria In this way varies with several factors, the most 
important bi which is the porosity of . the_|dfl._ 7'slr horizontal [ travel 
through spillh this manner 1s usually less than 3 ft. and the downward 
travel lees titan 10 ft. In pits open to heavy rains* and_not more_than 
2 ft. normally 1h porous soils. There is relatively little migration of 
chemicel and bacterial substances. Where the contamination does not enter 
the ground water, th«re is practically hb danger of contaminating water 
supplies. 

On the surface of the ground, brily_the_eafth immediately surrounding the 
•faeces is likely to be contaminated, unless It is carried further by sur- 
face water such as r^in and irrigation water, blown away by_the wind, or 
picked up oy -he hair arid feet of flies or other insects and animals. 

Depenc ig upcr> conditions O of humidity and temperature, pathogen 

and ovu of parasitic wcriiis will survive varying lengths of time in the 
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ground. Pathogenic bacteria do hot usually find soil a suitable environ- 
ment for their mul tip! 1 cation, and will die within a few day|,__0n the_ 
otner hand, hookworm eggs will survive as many as -five months in sewage. 
Hookworm disease 1s transmitted through contact of the skin, usually bare 
feet, wlti soil containing hookworm larvae. Other parasitic diseases are 
also transmittedwhen fresh faeces or sewage is used ^ during the growing 
season^ to fertilize -^etable crops wh~ch are eaten rawi 

If ground water is located hear a source of ihfectidhwithih the distances 
mentioned _aboye^ arid by 

putrid chemical substances originating in faecal decomposition. 

Frpmtheppirit of view _df_|ani tatlprij theiriterest is in the maximum migra- 
tions and the fact that the direction of migration is always that of the 
flow of ground water. In locating wells, it must be remembered that the 
wa ter wi thi n t he c 1 rcl e pf 1 nf 1 uerice of _ the wel l_flpws_ towards the wel 1 . 
No^ert-re£-4he-area of chemical or bacterial contamination may be within 
reach of the circle of influence of the well.- 




A - Top •oil 8 - Watar-baartrtg formation ^ - Dlriet'dn of Qrcurd-wriar flow 



Fig. 64 Movement of Pollution in Underground Mate?- 



LOCATION OF 4^lTRIfl£S-AN& £THER-EX€# ETA DISPOSAL FACILn ^ 

There pah be no standard rule governing the distance that is hecfssary for 
safety* between the privy and a source of water^upyly, Cany factors, such a 
as slope and level of ground water and soil -permeability, affect the removal 
of bacteria in ground water. It is of the_ greatest importance tp locate 
the privy or cesspool downhill, or at least on some level piece of land, and 
to avoid, if possible, placing it directly uphill from a well, Where uphill 
locations cannot be avoided, _a distance of_50 ft. will prevent bacterial 
pollution of well. Settinq the pHvy off to either the right r the left 
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would^cbnsiderably lessen the possibility of contaminating the ground water 
reaching the well. In sandy soil a .privy may be located as close as 25 ft. 
from a properly constructed household well if it is impossible to place it 
at a greater distance. I n the case of a higher-yielding well, not less 
than 50 ft. should separate the well from a latrine. 

In homogeneous soils the chance of ground-water pol lutiorris virtually nil 
if the bottom of a latrine is more than 5 ft; above the ground-water table. 
The same may be said if the bottom of a cesspool is more than 10 ft. at.ve 
the level of the ground water. 

A careful investigation should be made before building pit privies, bored- 
hole latrines^ cesspools, and seepage pits i" 1 ^&as containing fissured^ 
rocks or ]imestohe_formatiohSf since pollut A be carried' directly ! 
through solution channels and without nature * ration to distant well 
or other source^ of drinking-water supplies 

Regarding the location of latrines with respect to dwellings, the distance 
between the two is an important consideration in the acceptability of the 
sanitary facilities. The location of latrines, private or communal , at a - 
considerable distance or away and uphill from dwellings, will often cause 
local people to avoid their regular use and proper maintenance, A latrine 
will more likely be kept clean* if it is close to the house or other building 
which it serves. 

Other considerations are as follows: 

i: 

(1) The site should he dry, well drained, and above flood level. 

(2) The immediate surrounding of the latrine-i .e. , an area 6.5 ft,, 
wide around the structure—should be cleared of all vegetation, 
wastes, ana other debris. This recommendation may be ignored,. 
however , in the initial stages of sanitary development of rural 
a ^eas_where it ls_h|cessary, for example, in order to secure 
acceptability of the latrine by the local population, to avoid 
disturbing the natural bash-type surroundings which were previ- 
ously used for defaecation. 



SL4iDGE ACCUMULATION AND I'HE-LI-KE- OF A PIT PRIVY 

The life ofu pit privy is directly proportional to the time required for 
a pit to fill . This time is determined by the rate of digestion in the 
privy. The factors that influence the rate hf digestion in a pit are: 

(1) the efficiency of bacteriological decompc ;itioa. 

(2) the degree of abuse to which the pit is subjected (i.e. the stones, 
sticks^ garbage,, mud balls thrown ijito it). 

(3) the method of anal cleansing. 
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The rate of accumulation of digested sludge arid of partiallydigssted 
excreta-is not directly proportional to the amount of excreta added each 
year. This phenomenon is illustrated graphically in Fig. 65. From this 
graph it will be noted that, after the digestion process has been well 
established, the actual volume of material in a wet pit mi^Ht be reduced 
; : time to approximately 10% of the total waste (faeces. and urine) de- 
posited.: This graph is very approximate, however, and may need to be sal' 
mritially modified for different areas. 

in wet pits, assuming that the daily production of one quart of excrement 
contains 3.5 oz. of dry solids and that digestion for one ycai under wet- 
pit conditions will reduce this mass by 30%, a total of 0.7 oz. of dry 
solids will remain. Further assuming an 80% moisture content in the di- 
gested sludge, one arrives at the figure of 3.5 oz. of wet sludge after 
one-year digestion period. ^z: — 




This amounts to 1.3 cu. ft. per person per ;«?ar. Thus, at wily of five 
vould -equire sludge-storage space of 6.5 ca. ft. per year. 

It is recommended that for the design of the effective capacUy of wet-pit 
latrines a provision of 1.3 cu. it,- per person par year should be a.. owed. 
If cleansing materials s:ch as grasS, stones, iti»d balis, '-ocpnu*. nusks^or 
similar solids are Used, 1t is recommended that this 'fji.fe be increased by 
50% to a total of 2.0 cu. ft. per person per year. 

rugec^ion ^f <?nlids is about 50% less vapid I an J Jess complete 1n dry -pit 
latrines tbar> in wet-pit latrines, in designing dry-pit utnnes, a pro- 
vision of 2 cu. ft. per person per year is ^eeommendeu* to bi merea'serf 
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resulting economic loss. Therefore, between these two extremes a solution 
should be found that will give the most in health protection and, at the 
same time, will be within the economic possibilities of the people to con- 
struct and maintain. .Every sanitation worker should carefully consider this 
aspc ;t of the problem* not only as it applies to privies, but also as it 
relates to_ every other type of sanitary improvement. It is relatively easy 
to decide on a pri.vy campaign for a rural area from a, health department 
office situated far away in the State or provincial capital simply by 
choosing a design that appears to be satisfactory because it has been used 
somewhere 3ri the world. This is the kind of privy program which has re- 
sulted in empty, aba ndoned, and uqused installations in so many places. 

COMMUNITY PARTICIPATION 7 

A program of~.nu.ral_sani tation cannot be successful without the participation 
of the local community^ To be truly effective, environmental r.anitatiSri 
needs tne understanding, the support and the active parti ci^;ti on of the 
people concerned. Mere technical improvement of the enviro* nent without 
public education in hygiene and sanitation, based on local customs,- tradi- 
tions, and beliefs, has again and again proved futile. | 

One measure of the success of a rural sanitation program ; its power to 
sustain itself and grow. In order to achieve_this succos:, it is necessary 
Ao find ways of gaining popular support and of overcoming popular objection, 
mboth, health education of the public plays a^jor rr- In the- former — 
instance ? attention must: be given to the structure and c: g,.ni2ation of a 
progran i;;:ch will fit into the local social and economic system. More 
important ill is the desirabil ity of bringing the people into the program 
as partners. In the pursuit- of the second objective, the assistance of a 
competent health educator may be regujr?d,. It is very liKely tha$, even 
before r^&eMng the st. rf e of overcoming popular objection, you may have to 
undertake : t^sk of disturbing the av?-old apathy and ihertju which grip 
the p°6p:e .*c-r jxa^c<? t the fact t^c a community is without adequate 
excreta d^p:s*: facii.ties imrrieUie^'ly.sUggests to a_ healtK wor':er the 
heed for providing latrines.__Hpwever, the community may not be ready for, 
or interested in, such facilities, or may even tr hostile to them. To 
insist upon the immediate introduction of latrines into a community under 
such circumstc.rces is not a wise move. Always guard against doing things 
to people and for people before you Kave fostered individual and local 
initiative* f espc~v. ail ity, and self-reliance on a well-informed basis. 

This h ; *a 7 th education stage can be this most difficult hurdle to clear. 
Once t s successful ly passed, the program will move at a faster rate. 
For example, in the rural areas of several Latin American countries where 
community^heal th programs havi been going on for some time, privies are 
constructed almost^exclusivelj_by the families* with the health department 
supplying the necessary guidance and the concrete privy slab either_at 
cost, or gratys. In many places the demand for slabs is always greater 
than the supply. 

Experienceshows that the most important factor in getting the community 
to participate is to bring members from all .its segments iritb_the_pre?ram. 
The people must, however, understand what the pi gram is al 5 ibout. This 
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may be achieved by working t! : ,. ■_ ;H the village cpuhcil , if brie exists, and 
"if riot* through a yil I lage caTrolttee set up at the planning stage and com- 
prising prominent and respected leaders of the community* Further progress 
will come from the assimilation and use of scientific excreta disposal 
principles by the villagers themselves, arid this can be realized only if 
they_ take part in the survey, pi arming, and conduct of the program. One 
should expect that_irii tial progress wi 1 1 be rather slow and t ha t^ may be 
necessary to plan the program in successive stages stretched over a period 
of time. 

The practical "application of these principles inessential -for lasting 
progress in rural sani^tign. __In addition, a specific local p^ or 
activity in sanitation initiated in response to v a local demand can serve 
as a very practical basis forstimulatihg local interest arid participation 
in attacking other basic problems, and thus act $ a important spearhead 
for the promotion of community development. 

FAMILY PARTICIPATION 



Since one of the ultimate objectives of a sanitation program in a community 
is to get the family to solve its own excreta disposal problems (within 
reason, of cours^^T? is important that each family unit participate in 
some way in' its execution. Whatever the nature of the sanitation needs 
and retated health problems, you can gain the interest of people by a 
sympathetic and practical approach to their problems. People who come to 
a health center or dispensary Jmobile or stationary) seeking treatment of 
intestinal disorders are usually receptive to suggestions as to how to 
avoid dysentery and diarrhoea. Full advantage should be taken of such op- 
portunities to help make the ^etfple aware of the measures which can be ap- 
plied at home and in the, community to prevent these conditions. Practice 
^demonstrations and discussions of latrine construction, aided by the use 
"of visual media based |qn local situations-e.g. , photographs,, slides^ pos- 
ters, film strips, film exhibits, "and others-may be particularly helpful. 

Once the family is wiljling to participate in the scheme and to learn a 
new habit, you must be; ready to offer a solution which, is acceptable and 
as simple and economical as possible,. When ssn^tatibrivand personal hyoierie 
become habits^ the health 'program will have made tremeridbu§ progress. 

The sanitation wgfl cajnngt be considered completed, however, after the 
construction of the first privy or latrine: in fact, it has just begun. 
You must remain continuously in touch with tha family to stimulate and 
educate its members into using and maintaining t^his facility, which cften 
has been constructed after hard and t^me-consuming labor. V 
educational process involved requires the co-operation of th- h 
_§taf"f, in your area. Success has been achieved only when th* 
accepted the privy, as a part of its way of life, and is wlHift rti 
tain it, to rebuild it, and to move it to a r>n\- 1 ocation,' as neces&uy 
demands, and even to blecome a disciple in teaching the neighbors. 

of simple and economical solutions to the family's 
ems. Finding reasonable solutions considered to be 
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; one of the keys to ac» iye vamily participation. These are not always 
to fjnd\ Undoubtedly there are places where nature, aided perhaps 
makes it very difficult, if not Impossible, tgdevisesimpleahdecor 
facilities. In these situations . ingenuity and ability are ta^ed to 
limit. You most be resoqrceful in making use of available materials 
in organizing the people of the community for the difficult tasks at 
In some instances extra, techriica3~arid financial assistance may be req 
from the local government heal th department r The family cannot be ex 
to perform difficult and complicated construction operations. You sh 
strive to propose and design solutions that are within the means and 
of the people to opera te§ mai ritai ri^ and jrepl ace . _ This is true of a 
family privy^a village well* a public water-supply system I ov large 
and sewage-treatment works. \ 

- _ I 

As to actual modes of obtaining family participation, the b?st method 
those in which initial work arid expenses are shared by the family arid 
health authority e£ or other agencies. Family contribution either may 
financial or may /take the farm of labor and materials. Although fina 
contribution by^he villagers, is highly desirable, it will be found 
tageoqs in the e^rly stages of a program to secure the actual partici 
of the people irmhe work, which is being executed for their own bene 
People are more likely to put into daily practice those learning expe 
in which self-initiative and self-help are cons even if the 

6f_ the self-help is limited to the provision of manpower and locally 
able material . 

In arb effort to give proper importance to the construction of privies 
. has been made in Latin America, with remarkable success, of simple co 
between the health department and the head of the Tarn- ly.- - The' contra 
state in sample direct terms the obligations of each party, so that 
understanding can arise. This impresses- on the family the importance 
both parties attach to the privy as a vital element in househuld heal 
The application of this technique depends on a patient and enthusiast 
volunteer, for it takes time to talk to each family and explain over 
over the need for a sanitary privy arid the benefits wfcugh can be deri 
from its daily use. * 

■» 

Another technique used with success in some countries in South-East A 
-consists of "selling" the- program to respected leaders of the communi 
and helping them, first, to install their latrines. The possession o 
sanitary latrine thus becomes associated with a position of prestige 
the community. - 

RBLE OF HEALTH DEPARTMENT AND 0T1FER AGENCIES 

The heal th djepartment (if otie exists be approached for assist 

in organizing demonstfatioi^or pilot schemes of excreta disposal. Sui 
demonstrations should be carried out first in health and welfare centi 
in schools, and in resttfin£^J$f local -health arid sanitation official: 
A demonstration plot of land ^suitably located and provided .with saniti 
excreta disposal units irr ya ^igjj^ gtan^<; nf rnmniptinn ^ a desirable 
■in a planned sanitation, improvement and training y program. The health 
partment should help to make available to the pebple and their leaden 
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leaflets and manuals covering i. the .'design » conduction, andoperation of 
excreta disposal facilities that fit the conditions encountered in the 
areas concerned; 

Wherever bad construction, poor ventilation and lighting, lack of washing 
facilities, insanitary toilets, or similar deficiencies ex1st_[in schools], 
children will be absorbing. wrong ideas and learning harmful habits which 
may never be eradicated. . .Similarly, a well-built and well-kept latrine 
may be far safer as well as of qreater fundamental education value than a 
porcelain and tile toilet which is allowed to become dirty and a nuisance. 

Mere classroom teaching of sanitation, unaccompanied by actual demonstration, 
will have little-if any-effecf on children. It is well known that children 
learn by doing and through' example, two facts which can be used to advantage 
in leading school children into the practice of a sarii tary way of living. 
It goes without saying that' you should lead. the way and give the proper ex- 
ample to the people by living and working in sanitary surroundings. 

Under certain circumstances, the role of- the health department should be 
increased scope and importance. Such situations wbUldarise.fpr^example, 
in areas where crowding of houses or hard ground conditions make it neces- 
sary to put in some kind of collective sanitation facility, deep-bored holes 
inside houses, precast hand-flush installations. in houses, or other types of 
excreta disposal systems which, because of physical circumstances, cannot be 
erected- by the families themselves. In these cases a government, through ^ 
its health department, may need to set up and maintain an efficient organi- , 
zation to carry but excreta disposal construction work. Here also the ac- 
tive participation and contribution of -the leeal populations in the form 
of labor, materials, and money are absolutely required for the ultimate 
success of the excreta disposal program. The people should never be led 
to rely entirely on the health department for the provision, maintenance, or 
renewel of their sanitary facilities. An alternative solution which may 
sometimes be used Involves the formation of construction co-operatives by 
the people themselves under the sponsorship of the health department with 
your support. . 

PUBLIC VERSUS PRIVATE LATRINES 

Public latrines, or "multiple unit" types, 'are usually constructed in markets, 
\ camps, schools, factories, slum districts, and similar localities. They are 
"also useful in other places where large numbers of persons congregate oc- 
casionally, provided that permanent and close attention is available to 
ensure cleanliness and proper operation. 

Except in unusual circumstances though, multiple units should never be sub- 
stituted for the individual family latrine. True? it is cheaper.and less 
troublesome to construct a few communal latrines in a community than to 
build a large number of individual latrines at the rate of one unit per - 
family. In addition, a good solution to each family's excreta disposal .. . 
problem is not always easy to find. For such reasons the construction of 
the communal type of excreta disposal facility was accepted in the past,, 
even in urban communities. However, it was discovered after a few years 
use that these public latrines were employed by only a portion of the 
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population for which they were Intended* the remaining group, continuing 
the original I practice of defaeca ting anywhere- It was then be! j eyed that 
two reasons for this situation were inadequate design and the lack of 
cleanliness. Attempts were made to improve these elements; but in most 
cases, communal latrines, Irrespective of the type of design, proved to be 
failures. 

It should be pointed out that the community 1s generally made responslb^ 
for the maintenance of public units. Usually communal administrations are 
notoriously poor and ineffective at maintaining even the utilities that 

offer great convenience, such as water works and el ectric 1 ight systems, 

let alone a communa"; privy which many do not consider essential in any case. 
This does not mean that the construction of public latrines should be dis- 
regarded; but keep their limitations in nind and remember that they will 
not be automatical 1y and efficiently maintained by the community. The 
truth is. that. the communal authori ties riust.be prodded on this Important 
rratter of maintenance as much, as, or morn than_, the family. So long as 
the effort lo ensure good maintenance, must be made, it is decidedly better 
to spend it on the family, on whom there is hope of its eventually having 
the desired effect. Families will usually keep their own latrines clean 
and in proper operation with only occasional guidance from the public heal th 
inspector. 

PaLlic latrines, therefore, should be built only where absolutely necessary 
and should be dr signed to facilitate maintenance and constructed for perma- 
ne^co; as far a; possible. They must be kept clean at all times, for, un- 
ess clean I ines. is observed, they will not be used, Water and other ma- 
terials must be available for use in keeping the latrines clean. 

HUMAN' FACTORS 

In all matters of excreta disposal, human factors _are as importantas tech- 
nical features. People, especially inhabitants of rural areas, will not 
use a latrine of a type which they dislike, or which does not afford ade- 
cuate privacy or, finally, which cannot be kept clean. 

Regarding the type of latrine which should be selected, the preliminary 
sanitation and sociological survey "will indicate the types of facilities, 
if any, in usein the area. The first step in_design _will therefore be 
to try to improve the existing system, retaining as many as possible of Its 
' sociological V. f natures. Two examples may be cited to illustrate this Im- 
portant point, Watcr-f lush-type latrines with risers and seats, though best 
from the sanitary standpoint, have not normally been found acceptable by _ 
people who are used to defalcating in the bush in a squatting position. In 
another instance., people readily accepted pit privies which were built with- 
in a thatch and bomb'oo enclosure without a roof, as they preferred to squat 
in the open air. Everywhere in the world people have certain taboos with 
respect to the collection and disposal of human faeces. While it is impos- 
sible to study them all, you should pay much attention to them and should 
avail yourself at al 1 times of the assistance of experienced health educa- 
tors, social anthropolnrns ts , or sociologists to discover the right approach 
to the solution of the excreta disposal problem of rural communities. 
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The next important human _factors to be considered are the matters of pri- 
vacy and of separation of the facilities provided for men and for women. 
Various systems have been designed to provide privacy; they are shown in 
Fio.66 together with those for separating the sexes- It will be noted 
that latrine doors should preferably open Inwards. 

A lat ine, whether of the family or cbmmuria] _type f _the design of which does 
nnt allow easy clfanirig w|ll also not be acceptable to most people- In 
nis respect, smooth, hard-surface floors of concrete, cement, brick, or 
<?f Tar material* are best because it is easy to flush them with water, 

A latrine which is designed for too large a number of people will proba- 
bly get dirty quickly and remain so, with the result that late callers . 
will prefer to go id defalcate around the latrine bui1dihg_or^in a neigh- 
boring bush. A one-Sole latrine is adequate for a fami]y_gf_five or six 
persons. For comrnmcl latrines in camps , markets, and similar places, 
one hole should be provided for every 15 persons; and in schools, one hole 
for every 15 girls and one hole plus a urinal for every 25 boys- 
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Fig. 66 Privy Designs Ensuring Privacy and Separation 

of the Sexes 
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SCOPi: OF_DISPO_SAL_SYSTEMS 
IN HOST COMMUNITIES 

. LESSON NO. 1 



LESSON OBJECTIVE: Define the c) racteristics of ah adequate sewage 
disposal that meets the basic requirements of a 



Village or rural environment. 



TOPIC _ 


INSTRUCTIONAL PROCEDURE 


CI IDOI CUTkl T 1 i 1-l-i-TePll-A-l-f > 

P£r ATED OFaniNG 






ni cpncp Tronc- 


T 1 1 ncf ro t <o 


PViJ5T»+ c r\ f* 1M 011 l"o ^-1 


rri ssion 


1) the environmental conditions 




2) the agents and the avenues necessary 






for the transmission of disease from 


r, 




d V iT+ Y* O ^ Q 

■zii 






& 




The Adequate 


Outline the characteristics of an adequate 




Sy.-tem 


system. 




"Methods of Rural 


List the irethods available to block the 




Sanitation 


avenues of disease transmission. 






List which of the above is the most 






economically practical. 






Discuss the character of 


Rural Sanitation in 




; lj the pit privy 


the Tropics (inclusive) 




2) the water se^al latrine 






3) the cesspool 






U) the seepage pit 






5) the septic tank; 






Organize students to estimate the relative 






cost of these systems from the list of 






components. 
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SCOPE OF DISPOSAL SYSTEMS 
IN HOST eomUKITIES 






LESSON NO. 2 




LESSON OBJECTIVE: 


Discuss the Factors that must be considered in locating 
sanitary facilities and the determination of the type 




of facility to be implemented. 




TOPIC 


INSTRUCTIONAL PROCEDURE 


SUPPLEMENTAL MATERIALS 
RELATED READING 


The Movement of 
Pollution. 


Discuss the movement (vertical and horizontal) 
of faecidt: borne diseases and chemical pollu- 
tiom 

Recall the distances sanitary systems must be 
from water supply sources when located in 
homogeneous soils, fissured limestone forma- 
tions and sandy soils. 


Diagrams illustrating 
the underground movemer; 
of pollution. 


privy Location 


Outline the panimeters that must be considered 
in the location of excreta disposal facilities 


The Sanitary Code 
. Article XI, p. 10-li 


M^estion o±* 
Excreta 


List the most probable weight (wet and dry) 
of excreta produced per day per person 

Recall the factors that influence this figure. 




■ 


Outline the factors that affect the extent of 
digestion in a pit privy. 

List the most probable rate of sludge build- 
up in wet and dry privies. 


A Chart of Figure 8. 




Discuss the factors that influence this figuri 


• 




Recall the. service life for privies of 
various volumes* 




System 

Requirements • 


Assemble students for an individual perfor- 
mance test in which they determine. 

1) the number of facilities required 

2) the various volumes of these 
facilities (pit privies) for a 

community whose population and 

population distribution is given. 




General F Hors 
in rrivy Selectior 


Outline the general factors that must be 
considered in determining the type of 
facilities to be implemented. 
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SCOPE r? DISPOSAL : f S?£MS 
IN f.3ST COMMBN* 'itt 



LiSSON HQ: 3 



LESSON OBJECTIVE- Discuss the sociaiugical factor^ that must be 
considered in planning a rural or village 
dispose system. 



"OrtC 



T 



INSTRUCT ONAL PROCE.JRE 



SUPP-L-£ftEKTAL MATERIALS 
-RELATED READING 



social :^c*-ors in J Outline the social factors tht z contribute 
rivy J.iloct^o;* j to the success of ah excreta disposal 
! program. 



rivy £xterioVs j Demonstrate how to alter priy^ exteriors 
! to be compatible w~th the attitudes and 
| practices , of hygie:te. " ; 



WHO Monograph Series #39 
p. 17-38 
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THE PRIVY METH OD OF EXCRETA DISPOSAL 

besiptmr a vntm 



OVERVIEW: 



A sanitary survey and a description of the area wherea disposal system 
will be ihstalled_is_necessary so i the project will ensure the public 
heal th. , This section covers the derign and construction of disposal 
projects of the privy type. The trainees will learn to construct sev- 
eral types of privy and be able to make the proper selection for a given 
situation. 
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OBJECTIVE: 

TASKS: 1. 

2. 
3. 

4. 
5. 

6, 

7: 

8, 
9. 

10. 

11. 



IETHOD OF EXCRETA DISPOSAL 
A- VILLAGE 



design, plan, and construct a privy system which 
extends the present system to provide minimum 
satisfactory service Wlt.hin the community's social 
and economic limits of acceptability. 

Establish criteria that proposed system must meet. 

Define the capacity of the present system. 



Sketch the location of any disposal facilities with 
respect to any water supply sources, irrigation 
systems, and focc supply areas. 



Determine_whether these facilities are potential 
sources of contamination of any of the above; 



For eagfydispbsal facility that is a potential 



source i?jf contamination, determine whether a feaslbl 
means for arresting this situation is available. 

Estimate population and define the community's ■ 
capacity requirements for a disposal system, 



Determine whether the presenj system is adequate 
ift terms of the community requirements and the 
design criteria established above. 



Define the extent to which new installations are 
necessary. 



Determine the attitude, toward sanltatlon^md the 
practices of personal hygiene in the community . 

Determine which types of installations are most 
likely to be maintained by the community. 

Determine where any new facilities should be located 
so that: 

a. They do not contaminate any of the existing 
water supply sources. 

b. They are dry, well drained, and above flood 
level. 

c. They are compatible with social ajttltudes in 
the community. 

Identify the types of pit privy systems that satisfy 
the desinn criteria. 
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TBE PRIVY M ETHOD OF EXCRETA DISPOSAL 
DESteN-etilUt VILLAGE (contT? ' 



13. Determine what material and financial resources 
are available. 

14. Prepare a plan to acquire public support toward ; 
and finances for the system. 

15. Select the privy system that is most feasible. 

16. Set up a program to construct this privy system. 

17. * Carry out thi* program. 
FUNCTIONAL SKILLS: 

1. Bore a test hole with a hand-held auger. • ■ 

2. Determine how far faecal bprne diseases can ;te 

. carried_in_each of the strata or soils encountered 

in the test hole. 

3. Conduct a survey to determine- the population of 
the community. 

4. Estimate the volumjTof pUs, holes, and tanks. 

5. Determine the practices of hygiene in the coftinunity . 

6. Identify the components of various types of pit 
privies. 

7. Dig a pit. '* 

8. Mix concrete 

9. Construct structures with bYicfc, stone masonry, and 
rough cut J logs. 



10. Train local persons in the masonry and carpentry 
skills needed to build the system. 

11; Provide instruction^ 1fi the maintenance of the system. 
TERMINAL PfRFORMANCE TESTS:, 

1. With a hand-held auger, bore a hole, with horizontal 
dimensions of from 4 tj 12 inches toadepth of 24 
feet and determine how far faecal borne^diseases can 
be carried in each of the strata or soils encountered 
in this test hole. 
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THE FRI.VY METHOD OF EXCRETA DISPOSAL - 
DESIGN FOR A VILLAGE (cont.) I 



2. Determine the population of a designated community 

3. Iri_a fieidexercise^ determine th$ volume of any 
pits, holes, and tanks. . 

4. Determine_the_pr?ictices of personal hygiene in a' 
designated Qommanity. 

5. Oh a written exanination, sketch three different 
designs for pit privies and list opposite each brie 
of these the materials needed for construction. 

6. Given the design", and roateri^ is needed to construe 
a pit privy, in a field exercise, construct this 
pM vy . 



\ 
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THE SANITARY SURVEY . ' 

In most rural ^a^^ usually necessary tOoOb- 

tain first-hand Information concerning local sanitary conditions and neecs. . 
Such surveys, undertaken with the participation of local leaders of the 
communi ty, will be of immense help 1n program planning arid evaluation; 
Such a survey should cover the following factors, 

DESCRIPTION OF AREA 

1. location, topography, climate* character* cbmriunl cations , maps; 

2. neology and' hydrology , with particular reference to nature* of top 
and underground layer:, of the soil,, its porosity, presence and. 
?^y n dance of oround water;( ff^anyj, direction of flpw^ level of" 

4 qround-water table, its appearance and potability* estimation of 
yields of springs, rivers, arid so bri; 

3. popul ation--number , constitution by age-gr^tjps and sex, density, 

growth; J 

: _ : __ " T___ 

A. industries and agriculture, with particular reference to irrigation, 
drainage, arid soil fertilizing practices; 

MEDICAL AND SANITARY DATA v 

1. general health of the population, with special enfphasis on communi -r 
cable diseases and on intestinal infections; 

2. vital statistics, mortality and morbidity data; 

3. health arid sanitaryadmiriistratibri, with reference. to organization, 
personnel, budget, and activities of voluntary or other agencies in 
the field of sanitation; 

4. existing sanitary conditions in the area, with reference to descrip- 
* tion of private and public latrines, their distribution and use; 

to _wel Is, springs - 
such information as number of persons served by piped water-supplies, 
and by wells, the consumption and uses of waters number .of dwe) lings 

wi th priyate water supply, etc); to wastes collection, 'disposal, 

and compos tina; to milk and food sanitation; to insects (flies, fleas 
1 ice, mosquitos) ; to health aspects and standards of housing; arid to 
school sanitation, 

5. sociological and cultural patterns* with i partlcuSW. reference to 
community and family organization, leadership; customs, beliefs, and. 
habits bearing on personal hygiene and community' sanitation; 'present 
methods (if ariy) of health education of the public. 

RESOURCES AVAILABLE 

1. "general economic level of the population; average income per worker; 

i 
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2. co-operation expected from agricultural , educational , and other- 
agencies or groups for training and health education of the public; * 

3. housing and vehicle transport -for program, vehicle and_ equipment 
repair and maintenance facilities; sources or power (electricity* 

fuel}; 

4. loca.l construction materials and their costs; 

. _ <j 

5. local' craftsmer and wages; 

6. potential resources for self-help; 

~ . . . . . _ . « 

. This information he's an important bearirr* on the project andmakes It 
possible to make a reasonably accurate cost estimate. Sucha survey 
j.s_a_Us9fy* educational, tool and also serves to acquaint the PCV with 
the fam;-es andwlth the^r customs, beliefs, interests, and attitudes. 
'In short, it helps to prepare a "social map" of the community. 

t he p i t privy 

'description \ 

The pit privy consists of a hand-dug. ho^e in the ground covered with 
either a sqliattinq plate or a slab provded with riser arid seat. A 
">iiperstrueture or nouse is then built around it. 



ESIGN an: FUNCTION OF ITS PARTS 
The -it 

The function of the pit is to isolate and store human excreta in 
such a way that no harmful bacteria can be carrjed there from to 
a new. host. The pit is usually round or square for the individual 
farir !y installation and rectangular for th? publtc latrine. Its 
cinensions vff'y f r om 36 in. to 48 in. in diameter^qr square. Cbm- 
"? mon r igures for family latrines are 36 in. diameter or 42 in, 
* scuare. for public installations, the pit will be 36 in. to 40 in. 
wide; its length will depend upon the number of holes provided, 
"he depth is usually about 8 ft." but may vary from 6 ft, to 16 ft. 
In I^an, and elsewhere, some pits have been dug to a depth of 23- 
?.£ ^t. in so^'ls v?Hich are very stable. 

Lining of the Pit 

It is o^ten necessary to prbvTBl a pit lining to prevent the 
sides from caving in. This s true especially in rainy sea- 
sons whore privies arc cluq in fine-grained aJluvial soils, 
sandy soils , and simi lar fbrratiphs^_pr when they penetrate, _ 
deeply into oround water: fven in stable soil formations; It 
is desirable to line the top 16-24 in. of the pit in order to 
consolidate, it and., to vprevent it from cavinq in under the 
weioht of the. floor and the superstructure. 

Matrrials co^-only used for *hls^purpose_1nclude bricks, stones, 
concrete blocks, latorite blocks, a do bo materials, lumber 



204 




-190- 



rough-hewn Ibgs^spUt cane, and. bamboo. When the first five 
materials mentioned above are used, they _afe_lajd with open 
joints over mcst of the walls 1 height and with mortar near 
the top of the walU, the reason being that with these materia 1 
the lining also serves tsefully as a base fpr the floor, B.ricfc 
linings should preferobly be_rpund, not square, as they then 
develop arch action and are much stronger for the same walV 
thickness. Wooden- logs and bamboo should be used exclusively 
to support the walls bf the pit, not as a foundation for the 
floor. Rough-hewn logs will of course, last longer than 
bamboo linings. If possible both logs and bamboo should be 
tarred in order tb incr^se : the+r use^ of _ ... 

rot-arid termite-resistant woods is recommended wherever pos- 
sible. 

Where a_lininq is necessary^ it is often given to t^e. family 
by the health"department, along with the floor or sT^b. 

The Bafe" " ~ " '. ~ ~ "^T 

The base serves as a solid, impervious foundation upon which tfce 
floor can rest. It also helps to prevent the movement of hookworm 
larvae. Properly made of a hard, durable material, It helps to - 
prevent the entrance of burrowing rodents and of surface water into 
the pit. Pit lininq in most cases will serve as a base although 
it may need to be strengthened at the ground .surface. 

The foundation shquld.be at least 4ih. wide on top in order tp_ 
provide a good surface for the? floor to rest upon, and 6 in. or 
nore at the bottom in order to give a stable contact with the 
ground. ; T ts shape will be that which will fit the pit^The base - 
should be hioh enouqh to raise the flqdr_6 In, above the leveKof 
the surroundinq ground, thus, with the mound, protecting the pit 
from flooding. 

The following material s^may be used In the construction of the 
base: ; ■ 

a plain or reinforced pre-oast concrete— same mix as floors; 

b! soil cement— 5%-6% cement mixed with sandy clay soil and 

tamped at optimum moisture content; 

c; clay- -tight clay, well tamped at optimum moisture content; 

d! brick--mud-dried, burned, adobe, etc, 

e. stone masonry; 

f. rough-cut logs--hardwood , termite-resistant. 

The Floor 

The floor supportsthe user and cqverfthe pit. It should be con- 
structed so as_tb_fit_tiqhtly on the base, with a minimum of .small _ 
cracks and openlnqs between the surfaces. The squat-type plate or 
slab for pit privies 1s the mb«t suitable for rural conditions 1n^ 
most parts of the world. However, In many countries a slab provided 
with a riser and seat may be found to be more acceptable. This 
aspect of slab desiqn requires careful consideration. An eminent 
health educator and' social anthropologist has stated that customary 
posture 1n defaecating is perhaps the single most important fact 
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bearlrig on the acceptance of rejection of privle^. 

T he floor of slab should normally extend to the. superstructure 
walls^ as a peripheral earth strip might be spiled and become a 
•nedium fcr hookworm Infestation. It should be made of a durable 
'mpervious material with a hard surface which will facilitate 
cleaning. Materials commonly employed include: 

a. reinforced concrete; 

!?. reinforced concrete with brick filler; 

c . wood ; 

d. built-up floor of smal 1 -diameter wooden poles with chinks 

■ f 1 1T ed- by mud- or-soi 1-cement-mixture.. . - - 

The consensus of opinion 1s that concrete is, In the long run, the 
m o^t practicable, most acce 

:r J vy f'cor^- Wooden floors cone- next in the -line of preference. . 
Built-up" floors, are l ess desirable becau se they are dif ficult 
to keep clean and, as theyTl?^ soTlecT (especTal1y~~by children) , 
*re likely to spread hookworm. 

Latrine slabs or floors may be rounds square, or rectangular. 
Vhen slabs are to be made or cast at a central shop, it_1s advan- 
tageous to adopt a standard sh^pe and size 1n_bfdef to facilitate 
production. The size of concrete slabs, which influences to a 
certain degree the cross-sectional area of the pit and the size 
^f_the syperstfuctufeiis gove^nedby theif_weight and by the 
clfficulty of transportation (where this applies). 

All factors considered, appropriate dimensions for concrete slabs 
*nay be 39 x 39 in. in over-all size. Such a slab will weigh ____ 
soproxinately 3C0 lb. if the average thickness is 2.5 1n f Smaller 
slabs,- 3 x 3ft. _have been built where it is easy to complete the 
-Mocr at the site with a cement surface. Round slabs, 3 ft. in 
diameter, have also been used. Their advantage is that they may 
be rolled to the latrine site instead of being transported. 

^e thickness of slabs a]sb yariesa greatdeal in practice In 
crder to reduce weight, the tendency, of course, has been to 
reduce the-thickness to a minimum consistent with safety. In 

this_ respect, however, _rriuch_ depends on the guality of the concrete 

and the reinforcement available. When these factors are satisfactory 
the slab may be 2.5_1n. - 3in. thick on its edges and 2 in, thick 
at its center. A |lab_l_yd. square will then weigh approximately 
286 lb. The surface of the si.?b will slope towards the h61e,_ 
which is an advantage 1n Asian countries where water 1s_used_fbf 
fcrial cleansing. Where solid cleansing materials are used; the 
slab may be of uniform thickness throughout, but not less than 
2.5 in. thick. 

Where it is not possible to cast concrete slabs 1n place and where 
the problem of transportation is_ser1ous, the possibility of cast- 
ing the slab in four parts may be considered. 
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With respect to the_shape_dnd size of squatting plates, the fol- 
lowing are Important considerations: 

1. the opening should be large enough and shaped spas to minimize 
or betters preveht--sb1l1hg of the floor. Anopenlnq having an 
effective. length of about 15 In. preferably more, will satisfy 
this requirement. 

« 

2. It should not be so large that smal ]_ch11dren may fall Into 
the pit. An opening haying an effective width or diameter 
of 7 1n. or less will satisfy this requirement. 

In communal installations, the number of openings will depend on 
the" number of -people to be served. I tJ^-gqod^practip^. ^provide 
one hole for not more than 15 users, preferably one for each 10-12 

persons."— - 

It 1s often recommended that s q u a tting plates should. be_provideo 
with slanting foot-reststq minimize the possibility of soiling 
thefToqr. Foot-rests usually form an integral part of the squat- 
tina plate and should Be designed to be used by both adults and 
children. When fbbt-rests are not properly_bu11 t--fqr instance, 
when they join the floor ata sharp angle or are excessively long* 
etc. --they make 1t difficult to clean and scrub the floor. 

Another factor affecting the acceptance or rejection of a privy 
by the users is the free distancef rom the opening to the back wall 
of the latrine. __When this distance is too small, the back of the 
user will rest against the wall, which may not at all t1mes_b?_ 
very clean and free from ants or otherMnsects.__Alsq, there is a 
chance that excreta may soil theupper portion of the pit wall. 
Yet this distance should not be too large; otherwise there 1s _ 
a Tikelihood that the back part of the floor will be soiled. __The 
minimum distance betweenthe rear. edge of the_ opening and the 
superstructure wall should be no less than 4 1n. preferably 6 in. 
and maximum of 7 1n. 

The Mound 

The function of the mound Is to protect the pit and base from 
surface run-off which otherwise might enterand destroy the pit, 
It should be built up to the level of the floor and be very well 
tamped. It should extend 20 1n. beyond the base on-all sides. In 
exceptional casesjn flood plains and tidal areas, the mound may 
bebuilt up considerably abovethe ground for protection against 
tides and flood waters. It will normally be bulltwith the earth 
excavated from the pit or surrounding area, and may be consolidated 
with a stone faefng to prevent it from being washedaway by heavy 
rains. In front of the entrance door, it may be preferable.tb 
supplement the mound with a masonry or brick-built step. This 
helps to keep the latrine floor clean . 

In the Phillippines, where the dwelling is often built above the 
ground on piles, the latrine floor is also elevated; and a drop- 
pipe leads- the excreta downward to the covered pit below. This 
Is called the "antipole" system. 
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The House or Superstructure 

The_house affords privacy andprbtects the user and the in tallati 
from the weather. Fig. 67 shows various types of houses, and a 
typical wooden house frame for use in rural areas. From the 
san1tary_v1ewpo1nt J _th|_ house 1s less important than the pit or 
the floor. For this reason* when latrine programs are undertaken 
on a campaign basis, the house Is often left for the people to 
erect in the manner which is most satisfactory to them with only 
general advice being offered by you. Standardized superstructures 
are desirable, however, from many standpoints, among which economy 
of construction arid durability are most important. 

A oroperly built superstructure sSould conform to certain rul6s, 
the most significant of which are: 

1. Size. It should preferably" fiT the. dimensions of the ?185F~ " 

or slab and should never be too large, lest people be tempted to 
^efaecate on any part of the floor at times when the area around 
-t^ : zO|>efi ing h as be e n s o il ed by previous users.- The hei ght of the 

rbbf over the slab near the entrance door should be 6.5 ft. or 

more. 



2. Ventilation of superstructure. It is desirable to provide 
openings 4-6in. wide at the top of the house's walls to facilitate 
constant ventilation. 



3. Lighting. Natural light should be available wherever possible^ 
However, the superstructure should provide sufficient shade over an 
uncovered seat or hole in order riot to attract flies. 

4. Cleanliness.. A superstructure which is left dirty and in a 
cbristant state of disrepair will soon be_abaridoried _arid_uhU|ed as 
a latrine. It is therefore extremely important that the house be 
kept clean at all times, both inside and outside, arid that rip 
poultry brariimals be housed in it. White br_cblbred_wa|hing| 

of the superstructure should be encouraged, and the vegetation 
immediately surrounding it should be trimmed. The rbbf should 
coyer the house completely _and hewe a largeoyerhang, to .protect 
the mound and thewalls from rain and roof drainage. One of the 
duties of the health department staff ^especial ly the sanitarians 
and health educators, is to provide constant advice to the family 
regarding the cleanliness and the proper use of the latrine. 

Example Privy Shelters 

Drawings of several def,ign The 
structures shown have been found satisfactory in many parts of 
the world. 

TqoIs and* Materials needed for construction include: 

A sheet of corrugated sliest metal roofing, 4 ft. x 4 ft. or larger 
Wooden posts 21n. x 2 in. , 66 feet lorig_ , 
Boards, 8 in. wide, 3/4 in. thick, 132 feet long. 
Nails, handtools, paint (2 quarts) 
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Fig, 67 Types of Privy Shelters 

COMPLETED PRIVV. SHOWING PALM THATCH WALL 
AND ROOF COVERING 



WATTLE MOUSE WITH PALM THATCH ROOF 
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OR ASBESTOS CEMENT ROOF 
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EXAMPbE PRIVY DESIGNS 



PIT PRIVY 

THIs 1s the simplest recommended latrine or privy, having a hand dug 
hole, pronerly mounted slab and a shelter. This Is thempstwide- 
spread and satisfactory type of latrine, when properly designed, built, 
arid located. 

Tools and Materials 

Materials for building _the_she1ter * 

Handtools for digging the pit, concrete construction and buildino 
the shelter. 



Details 

The pit 1s round or square, about 3.5 feet in diameter or for each 
side and usually 3.3 to 10 feet deep. The pit may have to be 
lined, to prevent caving, with brick, wood, bamboo, etc. , even 
in hard so il . _ I t_if - _g gg rt t o llng the t c p 3 .5 feet of the hole 
so as to make a solid base for the slab and shelter. 19.5 Inches 
of the top of the hole can be lined with mortar for this purpose. 

The following table will help you to estimate the depth of hole 
to make. The top part of the table 1s for a wet-pit privy, where 
^e.L'Ole.penetrates the water table and the contents are usually 
quite wet. 



Table 10 PIT PRIVY CAPACITY FOR A FAMILY OF FI VE 





Estimated volume 


and depth* 


for hole with 10ft 2 


1 — - 

area 


[Pit 

j_ 

•Type 


Years 
of 
Service 


Personal eilansi 


ng Material 
















! 

i 




Water 




Solid 








volume ft^ and 


depth ft 


3 

volume ft and 


rr 

depth. 






26 


2.6 


40 


4.0 


WET 




52 


5.2 


80 


8.0 ' 




lis 


07 


0 7 


1*5n 


1* n 












4 


40 


A.O 


60 


6.0 


DRY 


8 


SO 


8.6 


126 


12.0 




•' 5 


150 









One and a half feet have been added to the depth since the pit 1s 
considered full when material is that distant from ♦.he slab. 



The base serves as a solid, -waterproof support for the floor. It 
also helps to prevent hookworm larvae from entering. Properly 
made of a hard, strong material, it helps stop the entrance of 

c 
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by 50% in cases where the types of personal cleansing materials normally 
employed night Indicate that such an allowance 1s necessary. 



It is further recommended that, where practicable, wet-pits should have 
a minimum depth of 10 ft. With regard to pit storage capacity* It Is 
desirable to design for as long a period as possible, 1 .e., for 10-15 years 
However, it is recognized that, from the standpoint of cost, or because of 
difficulties in supporting pit wal]s_1r_un^table sol] fpmatlphSi lt mlght 
sometimes be Impossible to attain this objective. Nevertheless, It Is 
strongly recommended that pits should be designed for a life of at least 
four years. 



Set Pit 

ScrvICa Ufa 



Paftona* claanaing matariat 



TABLE il 

Volume & Depth 
c or Rural Latrine 
With Cross-Sec- 
tional Area — 
9 Sq; Ft. (For 
family of five) 



voluTia 
(cu. ft) 



dapth 

<") 



volume 
(cu. ft) 



depth 



4 yaara (minimum) 
6 yaara 

15 yaara (maiimum) 



28 
97 



3 

5 J 

in 



40 
SO 

tu 



4 6 

9 

16.6 



Paraonai claanaing malarial 



j Dry Pit 

Strvlct llfa 


walar 


■olid 




(cu. to 


SapjN 


voluma 
(cu. tt) 


dapth 

(ft) 


4 yaara (minimum) 


4+ 


41 


id 




• yaara 


m 


• 


ISO 


1J4 


1ft yaara (miilmum) 


m 


ItJ 







•_DapJh_tl»an la aflactlva pit dapth. and 1-1 ft (30-tO cm) ara uawally addad to obtain oir«r- 

■II tfapth of pit. 

Table I shows the pit volume and dimensions for household latrines for 
families and gives varying periods of service life based on wet-pit con- 
ditions. Table II -presents similar data for dry^plt conditions. 

~& 

These tables show that * where ttiere Is little possibility of maintaining 
water in pltl.dr.hples^.a.plt.prlyy w>ith the largest possible volume 1s 
best. From the economic standpoint, th* deep pit, although higher in 
initial cost, will prove to be a profitable investment. 

Finally, one factor-that also influences the cross-sectional area of the 

pit* although to a lesser extents Isthe slzepf _the_f]por_ that covers 

1t. The size of the fl dor slab depends much on the type of materia? from 
which it is built. This matter is discussed in a later section. 

Ihe Velectlon of the type of installation best suited to local needs must 
take into account the element of cost. Water-carried sewerage systems 
with flush toilets areytfy expensive and far beyond the economic possibi- 
lities^ most rural areas. At the other extreme, it is possible for 
everyone. to relieve himself in the most primitive manner at ho cost what- 
soever; but this method is disastrous in terms of sickness and death and 



burrowTnl r^den ~watef- 
into the pit. The pit lining In most 
cases will serve as a base although It 
may need to be strerigthed at the ground 
surface. 

A cpncfetewater-seal slab 1s best and 
is economical but means_added labor ahd_ 
construction. A concrete open-hole slab 
Is the next besti while a wooden_floor 
j*s adequate. A built-up floor of wood 
"arid compacted soil is sometimes used 
but ^s difficult to keep clean as it 
cets soiled and is likely to spread 
hookworm. 

The concrete should not_be weakerthari 
1 oa r t cement to_6 parts of aggregate 
with a minimum of water. It should 
be reinforced wl th str1ps_bf bamboo" 
about 1 inch wide and with tfie weak- 
er fiber s-stripped away,. Soak the 
bamboo in water overnight before use. 

The slabs are cast upside down in one 
operotion. The footrestsareshaped 
by removing part of the wooden form 
so as to make two separate indenta- 
tion? 1r the wood. Sheet ptal_1s_placed_arburid the form so that 
the metal extends above the wood to the thickness of the slab. Side 
walls of the hole and fpbt-rests are made with a slight slope so as 
to comebut easilyT~Tne "form r for the opeO when the 

concrete first sets. Slabs are removed _from_ the forms in about 40 
hours and jhould be stored under water *f or 10 days or more. 

Round Slabs can be rolled some distance when carrying is difficult. 



The mound protects the pit and base from surface run-off which other- 
wise might enter and destroy the pit. It should be built up to the 
level of the floprand be yerywell tamped. It should extend 20 __ 
-'nches beyond the base on all sides. In unusual cases, such as flood 
plains and tidal areas, the mound may be built much higher than the_- 
ground as a protection^ It will normally 

be built with the earth removed in digging the pit and soil from the 
surrounding area. A stone facing will help stop it from being washed 
away by heavy rains. In front of_the_lhtfance dobfj a masonry or 
brick step can be built to help keep the floor clean. 
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LATR I NE FOR VILLAGE USE 



Fig. 71 Latrine for Vfllage -Jse 



This low cost water seal latrine 
slab 1s a single cpncrete_cast1ng. 
It reguires very little space, Is 
sanitary, odorless, easy to Install 
and maintain, and can be used to 
produce nlghtsoll fertilizer 



Tools and Materials 



Foo 



and 




plate form -See Fig 
Steel strap iron 2" wide* r7"_lbhg 
3/3' boHs 5" long for air vents 
Cu*:er form - made of wood detailed oh Fig, 
Inner ^orm - made of wood detailed or Fig, 

Cl ay tc .make water seal form 

Cement* sand, stone aggregate up to 1" maximum 

Details - 

In villages where space Is a premium and thesollcanabsprb the flushing 
water, this latrine may be worth serious consideration. A 30" diameter 
hole eight feet deep Is covered with a slab. ' Most -soils have sufficient 
stability. to support the slab,: Very lpose_or_|ahdy_sp1l| may require some 
type_o* lining. Any type of simple superstructure can be fitted over it 
for privacy. If thenightsbll must be used for fertil 1zer^ this method can 
t* jsed. After the first six mbrithSi_a new hole 1s dug, and the Hab moved, 
first pit Is covered with two feet of dirt, Six months later the night- 
i V in the first pit has been converted to essentially nbri-pathpgeri|c_fer- 
liiizer and may beused with reasonable safety, uo not use any nightsoil 
fertilizer that has not been composted at least three months. The slab :1s 
moved back to the first hole and the second covered with two feet of dirt. 

The latrine can be cleaned with only 1/2 gallon of water. Jtf hen this 1s done* 
there is no odor nor any flies and 1t stays quite clean. Thus It 1s_easy L 
to use. Villagers must_be_urged to provide for a sufficient supply of water 
to be brought and stored at the latrine ,1n_a 1arg»r cdctainer_(eg. a 4 gallon 
kerosene tin). A quart container should also" be orov1ded_.__Ihstruct1pns 
should be given in the proper method of flushing th« latrine. If this 1s 
done improperly a large quantity of water will be wasted. Two quarts of 
water sufficient to, clear the latrine 1f_the water 1$ thrown with a 
fai r amount of force from the narrow end of the latrine.' - 

Installation 1s so simple that. theuhtralned ylllagercan do ft easily; 
The round one piece construction facilitates moving the slab by rolling 1t._ 
It is sample. to makeonce the forms and methods are practiced. The materials 
cost about SI for a latrine. One trained_vil lager can make three slabs 
per day, using three forms. The wooden forms cost about $8 each. 

A convex foot-plate form about_38' 1 In diameter 1s made of wood, metal ; -or 
concrete. It must be V higher in the center than at th* edge. See F1g. 

F1g, 72 shbws_the |teel ring and Inner form in place on the base. The ring 
is_formed of two inph wide strap iron and fastened with a bolt for easy 
rerrova 1 from the concrete slab. The collapsible wooden inner form 1s 
detailed in Figure 73 . 
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The Inner form has three pieces 
Fig. shows the outline of the 
two side pieces pf_the form. 
These must be cot from wood 
2 1/4" thick. The 18 VS" sides 
and 3 3/4 M _s1des_stay nearly In 
contact. __A wedge shaped piece 
of wood shown In Fig. holds 
corner G of the sldfl dhe lftch 
apart. The wedge fits along 
the 9" lide. The spring holds 
the form closed tight, against 
the_separat1on bars while the 
wedge 1s inserted and the In- 
ner form olaced on .the. bale. 
The dimensions showr for the 
Inner form should only be 
used as a guide since some 
inconsistencies have been 
observed. 

Two inches of well mixed con- F1 9- 72 Inner Form of Latr1ne (Top V1ew) 

crtte (cement 1; sand 2* stone 
chips 2) Is placed 1 n the_r1ng 
?nd_ tarnpei will to _ compact 1*- 
Next the wooden outer form Is 

set up around the Inner liner. - - --- 

See Mcs72 and_7_3L there should be a clearance of not less than \H between 
the Inr.sr liner and the wooden outer forms. _A_cement_sahd_m1xtute (cement 1, 
sand 2) of plastic consistency Isplaced In this Inner space and compacted. 
A 3/8" bolt through the outer wood form and into the inner form provides an 
antlsyphon vent and helps to hold the Inner form 1n place. See F1gs. 
and 

After 48 hours the casting may be placed on blocks. Thee 
wooden Inrer form removed, arid a finish of_cement plaster added to cover any 
imperfections. When this 1s set a final coat of pure cement 1s put on. If 

there is any defect In the seal 1t 
may easily be repaired by putting a 
little cement slurry ( cement _and water 
1n crearny cpnslstencyl over the defect 
and adding at once cement plaster tb 
fill the defect. 



Fig. 73 Inner form and steel rim in 



place on base. 
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Flg. 74 LATRINE BOWL MOLD 

3* 




D FRONT VIEW 74-D ^ VIEW 0F,.8BBGE 

- JM 



if 



74-C TOP VIEW 
Hinge 




74-E BOTTOM VIEW 
^separation bars J§* 




*_1s_§ wooclth wedge, used to bold form tight, 
to remove form from .concrete latrlhej one 
knocks out wedge, then removes separation 
bars i the bottom of the form then contracts. 

If the wood is hot hard and smooth, a tlm 
outer coating may be hammered on to wooden 
form. 

Width of mold a A & B are 4-1/4 and 5-1/2 in. 
respectively. The separitlpn bars at A & B 
are 2-1/2 & 4 in. long respectively. 

Finished JSowl -seal form^ r^ady for placing 
on wooden base. The water-seal form has been 
molded from clay, by hand* andplaced on 
top of the wooden bowl form. Jhe slzf and con- 
figuration of the water-seal form must be 
shaped careful lj^, as shown. This 1s not 
difficult. 



wedge 




1/2 ,1n. deep 
1/2 In. wide 
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Wooden constituents of above mold: 



1: 


4" 


X 


4" 


X 


36" 


- 2 


Pieces 


2. 


3" 


X 


4" 


X 


16" . 


- 2 


pieces 


3. 


-■3" 


X 


4* - 


X 


16" 


- 2 


pieces 


4. 


3" 


X 


3" 


X 




- T 


pieces 


5. 


. 2" 


X 


5" 


X 


13" 


- 1 


pieces 


5. 


4" 


X 


.4" 


X 


IV. 


- 1 


Dieces 


7. 


5" 


X 


13" 


X 


V 


- 1 


piece 


8. 


3" 


X 


4" 


X 


4" 


- 1 


piece 




fig. 77 Sectional view efter pouring the 
cement in bowl and trap.. Note the concave 
shape of the be.se plate- 




Fig. 79 Section of the .casting after 
removal of the forms. 




Fig. 80 Completed casting set up on 
bricks where the wooden inner form 
is removed and clay siphop ^ ining dug 
out; The final finish of _ cement 
plaster and heat cement polish is 

applied. 
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Fig. 81 The completed casting from above 
showing the dimensions. 
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THA I LAND WATER-SEAL PRIVY 



\ 



This concrete water-seal slab Is roost useful for wldescale p^ivy orograms. 
H is 1 , used to cover an brdl nary pit privy* _TH1s method_represents_tht5 t 
collected^experlenee of a long established privy program In Thailand. The 
general method should be applicable to other water-seal slab designs. 

fools and Materials 

Master molds - Can be purchased from_V1Tlage Health_and Sanitation Project, 
Ministry of Public Health, Department of Health, Bangkok, Thailand. This 
alominum master mold weiqhs 24 pounds and costs $7.50 plus shipping charges. 



Concrete making materials 
Wood for platform forms 
Reinforcing rod and wire 
Clay 

Crankcase oil 

Beeswax and kerosene {optional) 
3/4 M x 3/4" x 5" steel bars . 

The bsisic method used for making these 
water-seal slabs 1s to cast the slab* 
Knv], and water-seal trao using three 

*';:rms:" 

1. A wooden form for shaping the 
slab. 

2. A concrete bowl core for shap- 
ing the Inside of the bowl. 

3. ■■■■ A concrete core for shaping 

the Inside of the water-seal 
trap. 




Fig. 82 Sketch of Finished Privy 



Since the three.parts of the slabare all cast at one time, the finished privy 
slab isquite strong. The water-seal trap is curved bacicunder the bowl as 
shown in Fig. 83 A . :* 

This makos flushing more dlfflcultpbut prevents crosio'i of the back of the 
pit on loose soil. The same general method could be usrd to make a forward 
flushing trap. Fig. 83 B- 

The forms used when, making <* slab must stay in place till the concrctis has 
gained enough strength to allow their removal. This is usually. 24 hours. 
For this reason, many sets of forms are necessary if a reasonable number 
of slabs are to be cast everyday^. Here Is where the master molds are 
needed. One is used to cast the bowl core, and two a»e needed to cast 
the trap* core. 



8 k c 



BIB 



BEST COPY AVAILABLE 



-205- 



Casting the Bowl Gore 

1. Oil the Inside of the master bowl mold and Insert a 3/4" x 3/4" x 5" 
steel bar Into the bottom, 

2. Add a fairly. loose mixture of _cement__and water, called neat cemeritj to 
a depth of about 6". Then fill to brim with a 1:1 cement sand mixture^ 
The 1:1 should be firm* hot runny, and should belaid 1htb the loose 
heat cement without stirring to Insure a smooth finish on the bowl core, 

3. After the bowl core has become firm_ enoughs scoop a depression 1htb 
the^surfac^to Install the two steel hpoks made from_the _rl1hforc!rig__ 
rod! . They should be about 9" apart, and should not protrude above the 
surface of the concrete. See Fig, 



4. Allow the concrete to set at 
T east 24 hours -before removing 
the bowl core from the/master 
mold. The bowl core can be 
used to make another master 
mole and vice versa. 



Casting the Trap tore 



Make_ the trap core fusing the pair 
of master molds, which consist of 
the trap master mold and the insert 
mold. ^ 



1. Add about 1 "of 1 il _cemeht_sarid 
mix to the oiled trap master 
mold and put in some wire for 
reinforcing. Thfrifill it with 
1:1 almost to the brim. 

2. Put the oiled insert mold into place and scrape off excess. 

3. After 45 minutes remove the insert and add a square sheet metal pipe 
3^4" high made by wrapping sheet metal around a 3/4" x 3/4" steel bar. 

4. Remove the finished trap core by gently tapping the master mold with a 
woocien block 
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Construction of the Wooden Slab Form 



1. Make a frame of 1 1/2" x 1 1/2" 
wood witb^ah inside diameter of 
80 cm x 80 cm. . A notch and sin- 
gle nail on each corner works 
we! 1 . See Fig. 35 . 

2. Make a wooden platform 90 cm x 
90 cm oat of V' thick planks. 
Gouge 1/2 M deep fbbtrests _if 
these are desired. See th§ 
out! ine in Fig. 



Casting t^e Slab 

With these three forms finished you are ready to cast the first water-seal 
slab. 

1; Use a paint brush to coat the bowl core and the trap core with a layer 
of wax about 1/8" thick. Prepare the wax by dissolving 1 kilogram of 
ire! ted beeswax in 1/2 liter of kerosene. The wax coating will last 5 
or 6 c? stings addinq U to the cost of each slab. Wax makes removing 
- the cores much easier, but isn't absolutely necessary. . 

2. .Place the bowl core on the wooden slab form and fill all cracks with 

clay. 

3. Oil the bowl, platform and frame. ----- — ; 

4 Apply a 1/4" thick coat of pa>sty cement and water mixture to the bowl 
core and platform. (Many Thai people prefer to spend 254 more fpran 
attractive polished slab. To do this, instead of using a mixture of 
-emer.t and water, use a mix of 5 cement : 5 color : 1 granite chips. 
After the forms are removed, polish with a carborundum stone and plenty 
of water j . 

5. Cover the bowl core with a mixture of 1 cement : 2 sand* to total thick- 
ness o x 1/2". Notice the smooth iip made on the cement 3/8" from the 
toe of the bowl core. This lip is your water-seal. Use fairly dry ce- 
ment and allow it to set for 15 minutes before cutting this lip. 

6 Place *he trap core on the bowl core and seal the crack with clay. Also, 
add a fit tie clay on each side of the form to prevent cement from getting 
to the front lip. 

7 Cover with 1 : 2 cement sand mixture to a thickness of 1/2". Do^not ex- 
ceed the 1/2 M thickness below the trap core or you will not be able to 
remove this core. 

8 Fill *he slab form with a mixture of 1 cement : 2 sand : 3 clean gravel 
or crushed rock almost to the top. In preparing the concrete, first mix 
cement and sand, then adcT nraWl— and "^at^. Use water conservatively. 
The looser the mixturo, the weaker the concrete vrH4-b^__ 




Fig. 84 Bowl Core Handles 
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9. Press In 4 pieces of 1/4" steel rod reinforcing. 

10. Fill to top of frame and smooth. Allow at least 24 hours for setting. 
11; Remove the frame by tapping lightly with hamner. 

12. Turn the slab form over 6n a wooden stand and use simple levers to_ 
remove the bowl core. You nuist remove the bowl core before the trap 
core. 

13. Tap the trap core gently and slip 1t out. Add a little water and check 

to see if your seal is 3/8". 

14. Keep the slab damp and covered for a m1n1iium of 3 days and preferably a 
week to gain strength. 
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THE FRIV.y METHOD OF EXC'UETA DISPOSAL 
DESIGN FOR A VILLAGE 
LESSON NO. 1 

•i 

LESSON OBJECTIVE* Outline the factors t'hat must be considered in 
designing a village privy systerru 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL MATERIALS / 
RELATED READ I NG 



Sanitary Survey 



The Pit Privy 



Sanitary Survey 



Recall the heed for a sanitary survey. 

Outline the escrntSai elements of this survey. 

Demonstrate ostj mating the volume of pits, 
holes and tanks. 



Discuss the function of the basic components 
of a pit privy. 

Illustrate the designs and components for 
three types of pit privies^ 



Discuss how to determine the adequacy of the 
present system. 

Assemble students to conduct a survey of a 
rural area. This survey must 

1) designate the population and its 
distribution 

2) determine the practice of hygiene in 
this area indicated from the present 
type(s) of facilities implemented 

3) state where present facilities are 

improperly located, poorly maintained 
and net used 

4) estimate the health of the community 
from records of communicable diseases, 
intestinal infections (diseases caused 
by worms) arid acute conjunctivitus in 
infacts (inflammation of the mucus 
membrane around the eyeball) and cite 
the death and debility statistics. 

5) identify what type (s) of privies are 
presently used (public or private; 
distribution and use.) and determine the 
location of these facilities with respect 
to water supply systems. 



WHO hfonograph Series #39 
p. 158-159. 



WHO Monograph Series #39 
p. 43-76. 



See Section 7 
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THE_PHIVY_MF]HOD OF .EXCRETA DISPOSAL 

DESIGN FOR. A VILLAGE 

(Continued) 



6) designate the number of new installa- 
tions heeded and where they should be 
locnted 

7) define the averago income of the 
community members 

8) ofjtimate the cooperation i available Irbm 
rgencies or. groups for training and 
health education of the public 

9) determine what materials are available 
locally, their, cents, whether potential 
resources for self-help are available 
and if the heeded craftsmen are avail- 
able locally and + ,heir _ wages _ 

10) rinte whnt type(s) of privies would 
bo the most economically feasible. 

Assemble students* for dis-euseion of survey 
f .indin>:s. 
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mvz MBflCP 13F BGBBEUL DISPOSAL 
DR23&H FOR A VILLAGE 

LESSON NO. 2 



ESSON OBJECTIVE: Set up and carry out a program to construct 
a privy system. 



TOPK 



lection of 
:vy System 



'-.notion 
•r.ruques 



INSTRUCTIONAL PROCEDURE 



Assemble stuHents to visit the present 
facilities to determine the type(s) of 
facilities presently implemented. 

Review the criteria to be use£ in the selec- 
tion of a village privy system. 

Select the most feasible privy designs. 

Discuss how to prepare a plan toward the 
finances for the system. 

Outline the logical sequences of construction 
for the privy type selected. 

Have students assemble the tools and materials 
for the construction of this privy typei 

Set up a program (allocate construction tasks 
to the students) for the construction of 
a privy of the type selected • 

Supervise students in the construction of 
this privy. 



SUPPLEMENTAL MATERIALS / 
RELATED READING 



For construction 
techniques see 
Section IIC 



225 



-211- 



SECTIOH-a 



WATER CARRIED SEWAGE SYSTEMS 
EBRSTffUETH^AHD HA1N1ENANCE" 



OVERVIEW-: 



The construction of th? various watef_carr1ed sewage systems 1s covered 
In this section^ The trainees are Instructed In the testing of sites 
for the water and sewage disposal and In the operation and maintenance 
of those systems. _ Again the_health_standards to be Improyedmust be 
stressed sothat the design and execution of the project win achieve 
these results. 
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SECTION 9t WATER-CAR RTED SEWAGE SYSTEMS 

eensTtoeTMN anb maihtemskef 

OBJECTIVE: Construct And maintain cesspools, seepage pits, 
and septic tanks. 

TASKS: 1. Determine absorption area requirements. 

2. Locate site of construction. 

3. Set up a construction program. 

4. Set up a maintenance program that identifies: 

a. How often the system must be cleaned. ; 

b. The number of personnel heeded to clean the 
system. 

c. The equipment heeded for maintenance. 
FUNCTIONAL SKILLS: 

1. Identify the components of .various types of septic 
tanks, cesspools, and seepage pits. 

2. Identify the logical sequence of operaMons lnvq 

1n building septic tanks, cesspools, and seepage pits. 

3. Conduct percolation .tests. 

4. Draw a map of the proposed system and the location 
of Its components. 

5. Identify the maintenance requlremirits of various 
types of water-carMed sewage systems. 

6. Identify the skills a person wbiild_ need to _mi1nta^n 
various types of water-carried sewage systems. 

TERMINAL PERFORMANCE TESTS: 

1. Design, locate and construct a water-carried sewage 
system that satisfies the requirements of Section 
Village Privy Design CHterU. 

2. Prepare a manual ^on_tBe_mlnttnince f of septic tanks, 
cesspools, and seepage pits. 
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LOCATION AND SELECTION OF WATER-CARRIED DISPOSAL FACILITIES 

SPECIFICATIONS 



There are minimum distances that different types of disposal facilities 
should be placed In relation to water sources and dwellings. These 
distances will Increase In direct proportion to the porosity of the 
soil. 



TABLE 1? DTSTANrH 

Component 


Septic 

1 ailK 


ious source rn 
Leaching Field 

seepage n t 
and Cesspool 


iTSPri<ai fapt 
Bq11d1ng 
Sewer 


I TTTFS 
Privy 




^e#t 


Feet 


Feet 


Feet 


Well or suct4of^4fne 


50 


50* 




50* 


Water supply line 
(pressure) 


fbj 


(b) 


(b) 


(b) 


Property line 


10 


10 




30 , 


Dwelling 


S 


20 




30 


Surface water suppl 1es 
or tributaries, in- 
cluding open and 
subsurface drains 


50* 


50* 


50* 




Watercourses, including 
streams* ponds, open 
and subsurface drit&s 


10 


25 






Edge of fill 




25 







r - - _ 

Table !. Sanitary Facilities Location Requirements 



* 50 feet 1s a minimum 'acceptable distance^ 

(a) 10 feet if cons trdcted of durable corrosion resistant material with 
watertight joints^ br_ 50 feet if any other type of pipe. is used, 

(b) Disposal facilities should* be^ Installed as far as possible from 
water supply Unes^ Where sewer lines cross water supply lines ^ 
both pipes . shoujd_bl_conttfUct!^of durable corrosion resistant 

materials with watertight joints* \ 



SUITABILITY OF THE SOIL 

Along with the specifications mentioned .above*, the location and imple- 
mentation of water-carried sewage depends on [ the suitability of the 
soil. The first step In the design of subsurface sewage disposal systems 
is to determine whether the soli is sultabla for tt»e absorption of sep- 
tic tank effluent and, if so, how much area 1s required. The soil must 
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have an acceptable percolation rate*, without Interference from ground 
water or Impervious strata below the level of the absorption system. 
In general, two conditions must be Bet: 

1. The percolation time should be within the range Of those speci- 
fied In Table 

2. The maximum seasonal elevation of the ground water table should 
be at least 4-feet below the bottom of the trench or seepage pit 
Rock fonwtlons or other impervious strata should be at a depth 
greater than 4-feet below the bottom of a cesspool or seepage 
pit. Unless these conditions can be satisfied, the site 1s 
unsuitable for a conventional subsurface sewage disposal system. 

TABLE 13 DFQHTRFD ABSORPTION AREA FOR, GIVEN PERCOLATION RATES 



Percolation rate (time required Required absorption area 

for water to fall one Inch, in in sq. ft. per steward 

minutes trench and seepage beds 



70 

____--„-—— - 85 

_- — 100 

I . ...... . . .. m i 



1 or less — 
2 — 

3 



5 - 

10 

15 

30 

45 

60 



125 
165 
190 
250 
300 
330 



*A percolation test Is a test to determine the rate of flow of water 
through the Interstices or pores of. a soil. 

The soil should be considered unsuitable for seepage pits If th e Per- 
colation rate is over thirty and unsuitable for any subsurface disposal 
system if this rate is over 60. 

PEFCOCATI.ON TESTS 

Subsurface explorations are necessary to determine subsurface formations 
in a given area. An auger with an extension handlers often used for 
making the investigation. Wells and well drillers' logs can also be 
used to obtain information on ground water and subsurface conditions. 
In some areas, subsoil strata vary widely in short distances, and bor- 
ings must be made at the site of the system. If the subsoil appears 
suitable, as judged by other characteristics described in section 2 
be ow, percolation tests should be made at points and elevations se a- 
ted as typical of the area 1n which the disposal field will be located. 

The percolation tests help to determine i the acceptability o_f the site 
and establish the design size of the subsurface _ disposal system. The 
length of time requited for percolation tests will vary n different 
typls of soil. The safest method is to make tests in holes which have 
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beeh kept filled with water for at least 4 hours, preferably overnight. 
This Is particularly deslrablelf the tests aretg^ 
perlenced person, and In some soils It Is necessary even If the Indi- 
vidual has had considerable experience (as 1n soils which swell upon 

wetting). Percolation rates fhould be figured on the basis of the 

test data obtained after the soil has had opportunity. to become wetted 
or saturated and has had opportunity^ to swell for at least 24 hours. 
Enough tests should be made 1n separate holes to assure that the re- 
'sults are valid. 

__ .__ ._ « 

The Procedure for a Percolation Test 

This percolation test Incorporate? the principles citedabbye. 
Its use Is particularly recoitrtendpd when knowledge of soil types 
and structure is limited. 



A. Number and location of tests! 

Six or more tests sliall be made 1n separate test holes 
spaced uniformly over the. proposed absorption field site. 

B. Type of Test Role* ^ 

big or bore a hole, with horizontal dimensions of from 
4 to 12 Inches and vertical sides to the depth of the 
proposed absorption trench A In order to serve time, labor, 
and volume of water required per test* the holes can be 
bored with a 4 Inch auger. 

C. Preparation of Test Hole 



Carefully scratch the bottom and sides of the hole with 
a knife blade or sharp-pointed Instrument, in order to 
remove any smeared soil _su^aces_ahd_tp_prpy1de a na Ju ral 
soil Interface Into which water may percolate. Remove 
all loose material from the hole. Add 2 Inches of coarse 
sand or firil gravel to protect the bottom from scouring 
and sediment. S 



D. Saturation and Swelling of the Stffil / • 

It Is Important to distinguish between saturation and 

swelling. Saturation means that the void spaces between 

soil particles are full of water. This can be accomplished 
in a short period of time. Swelling is caused intru- 
sion of waterlntpthe Individual sp1l_part1cle. Th1s_1s 
a slow process, especially in clay-type- solU and Is the 
reason for requiring a prolonged soaking period. . 

In the conduct of the test, carefully fill the hp! e with 
clear water to a minimum depth of 12 inches oyer the 
gravel. In most soils, 1t 1s necessary to refill the 
hole by supplying a. surplus reservoir of watery possibly 
by means of an Uut bmat 1c syphon A _ to i keep water In the 
hole. for at least 4 hours* and preferably overnioht. 
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Qeiermlhe the percolation rate 24 hpurs_after_water Is 
first_added to the hole. This procedure ; is to_ insure 
that the soil 1s given ample opportunity 'to swell arid to 
approach the condition 1t will be 1n during the_wettest 
season of the year. Thus, the test will give comparable 
results In the same soil . .whether made in a dry or 1n a 
wet season. In sandy sp11l_cdhtalnlng little or no clay, 
the iwelllhg procedure 1s nonessential ^ and the test 
may be made- as described under item E 3 after the water 
from one filling of the hole has completely seeped away, 

, _3__ _ __ _' 

Perctlation-rate measurement 

With theexception of sandy soils, percolation- rate 
measurements shall be made .on the cto$u**l lowing the 
procedure described under item D above^ 

1. If the water remains in the test hple_aftlr the 
overnight swelling period^ adjus^the^epth to 
approximately 6 inches over the gravel. Fronf 

a fixed reference point, measure the drop in 
water level over a_30_minute_period.- This drop 
, 7 is used to calculate the percolation rate. 

2. If no water remains in the hole after the over- 
hight swelling period,, add clear water to bring 
the depth of water in the hole to approximately* 
6 inches over the gravel .From a fixed refer- 
ence_point, measure the drop in. water level at 
approximately 30 minute intervals for 4_hoyrs A 
refill 1hg_6 Inches over_the gravel as necessary. 
The drop that occurs during the final 30 minute : 
period is used to calculate the percplatipnrate, : 
The drops during prior periods provide infor- 
mation for possible modifications of the procedure 
to suit local circumstances. 

3. In sandy soils (or other soils in which the first 
6 inches of water seeps awayihlessthan 30 min- 
utes, after the overnight swelling periodh the 
time interval between measurements shall be taken 
as IS minutes and the test run for one hour^ The 
drop that_dccurs_dur1ng the final. 10 minutes is 
used to calculate the percolation rate. 
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__'___<__ * ' : 

Fig. 87 Methods; of making percolation tests 



Guide For Estimating Soil Absorption Potential 

A percolation test 1s the only Snown means for obtaining a quanti- 
tative appraisal of soil absorption capacity. However* observation 
and evaluation of soil characteristics-provide useful clues to the 
relative capacity of a soil tb absbrb liquid. Most suitable and 
unsultable^solls can be 1den$1f1ed-w1thput additional testing^ 
When determined and evaluated by trained or experienced soil sceen- 
tls.ts pf_ soil ehg thief s» soil characteristics may permit further 
k categorizing of suitably solis^ This has been done^for some areas 
pf the country and described in tfte totl* reports mentioned below. 

Soli Maps 

The capacity of a soil to absorb and transmit water 1s an Important 
problem In agriculare, particularly in relation to irrigation, dr 
drainage* and other land Mnagement practices. Through studies in 
these fields, _a variety of 1 Ids have been developed for judging 
the_ absorption of water; transmission properties of soils, which 
could be helpful in the sewage field. Considerable information 
- has been accumulated by agricultural authorities on the relatlvi 
"absorption capacities of specific soils 1n many areas of the 
United States. Much of Jh1s^ information is included in Soil Survey 
Reports and Maps, published by-ths United States Department of 
Agricu1ture_in cooperation with the various -State agricultural 
colleges. Thegchefal suitability of specific soils for effluent 
disposal may often be Interpreted from these reports and maps^ 
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Clues to Absorption Capacity 1 

Considerable Information about relative absorption capacities 
of soils may also be obtained by a close visual Inspection of 
the soil. The value of such an Inspection depends 'upon some 
knowledge of the pertinent soil properties. The main prop- 
erties indicative of absorption capacity are soil texture* 
structure, color, depth or thickness of permeable strata, and 
swelling character 1 sties. 

Texture 

S611 texture, the relative proportion of sand, silt* and clay 
Is the most common clue to water a'osbrptlbh capacity. The size 
and distribution of parti cles govern the size and dlstri butlon 
of pores which, in turn, govern the absorption capacity. The 
larger the soil particles, the larger are the pores and the 
faster Is the rate of absorption. 

Texture can best be judged by the feel. The lighter or sandier 
soils have a gritty feel when rubbed between the thumb and fore- 
finger; s1lty type soils have a "floury" feel and, when wetted, 
have no cohesion: heavier* clay tyoe soils are dense and hard 
when dry, and have a slick greasy feel when wetted. 

The use of texture as a clue to absorption qualities has Its 
limitations; It is primarily reliable 1n the sandier soils. In 
the heavier type soils, including sandy soils containing appreci- 
able amounts of silt or clay, one must look for additional clues, 
such as structure ahcr soil color, as indicators of absorption 
capacity. 

Structure 

Soil structure Is characterized by the aggregation or grouping 
together of textural particles, forming secondary parti cles^of 
larger size. Such secondary particles then tend to govern the 
size and distribution of pores and, 1n turn, the absorption pro- 
perties. Structure can easily be recognized by the manner 1n 7 
which a clod or lump breaks apart. If a soil has structure, a 
clod will break with very little force, along well defined cleav- 
age planes, 1htb uniformly sized and shaped units. If.l.SQfOaS 
no structure, a clod will require more force to break aparyand 
wii"! do so along Irregular surfaces, with no uniformity m/ size 
and shape of particles. / 

In general . there are four fundamental structure types, /lamed 
according to the shape of the aggregate particles: plafy, pHsm- 
llke, block-like, and spheroidal . A soil without structure is 
Generally referred to as massive. Spheroidal structu?e\ tends to 
provide the most favorable* absorption properties* and/ platy struc 
ture, the least. Although other factors, such as size and stabi- 
lity of aggregates to water A also Influence^the absorption capa- 
city/ r|cogn1t1 Ion of the type of structure is probably sufficient 
for a general appraisal. ._ J 
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Cblbr 

One of the most Important practical clues to Water absorption Is 
soil color. Host soils contain lomelrbh compounds. __TH1s_1rofu_ 
like Iron 1n a tool or piece of machinery, If^lternately exposed 
to air and to watery oxidizes and takes on a reddlsh-hrown to yel- 
low oxidized color, 1t 'indicates that there ha$_ been free alter- 
nate movement of air andwa tar In and through the soil. Such a 
soil has desirable absorption characteristics, At the other ex- 
treme are soils of a dull I gray or mottled cplor1nl fc Indicating 
lack of oxidizing conditions or very restricted movement of air 
and water. These soils have poor absorption characteristics. 

Depth or Thickness of Permeable Strata 

The quantity of water that may bo absbrtedlsproppftioriaj to_. 
the thlckness or volume of the absorbent stratum, when all other 
conditions are alike. In a soil having a foot or more of permea- 
ble material above tight clay# absorption capacity 1s fargreater 
than that of the sameklnd of material lying within 3 Inches of 
tight^clay. When examining soils or studying soil descriptions, 
the depth and thickness* therefor are Important criteria of 
absorption capacity. 

Swelling Characteristics 

Host, but not all, clays swell upon the addition of mdisture. 
There are many clays (1n the tropics, 1h particular) that do not __ 
swell appreciably. Th*re art also some soils in the United States 
which do not swell noticeably*. On the other hands some soils have 
a very high percentage of s^ 

be suspect. Relative swelling of different sgils- is Indicated by 
relative shrinkage when dry s as shown by the numbers and sizes of 
cracks that form, Thase that. shrink appreciably when d£y are 
so^ls that may give trouble 1n a tile field when they are wet. 

Infbnriatlbh obtained _thfoUgH_lni^tjofi_or_ffM sollmaps and re- 
ports can be of particular value In preliminary appraisal of soils 
for sewage disposal . For instance, in many cases * unsuitable soils 
may b* ii!ined1at*ly_™^ 

other cases, selection of _th«* fc»st of several sites may be made on 
the basis of the Inspection, absorption capacity 1hfbnnat1bnbb» 
tained_in_this_n^nnfr_1s_r?la Fbrguantltatlyelnfbyrotlon 
upon which to base specific design, we still must depend on some 
direct mensurer^nti such as a wnter absorption rate as measured 
fey a percolation test. 

THE SEPTIC TANK 

THE FUNCTION OF SEPTIC TANKS 

When raw_sewage_ enters the septic tank, it should quiscent for a 
period of one to trtree. days depending on the tank capacity. Durlha 
this period the heavier solids. Including greaseand fats^remain In 
the tank and formthescum oyer the water surface, while the rest 1s 
carried away by effluent into the final disposal system. 
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Tfie solids which are retained in aseptic tank undergo anaerobic de- 
composition through the activity of bacterir tod fungi; The signifi- 
cant result of thisproccss Is a considerable reduction 16 the volume 
of sludge, which allows the tank to operate for periods of one to four 
yfars or ^cre, depending on circumstances, before it needs to be cleaned. 
This decomposition involves not only the sludge* but also the dissolved 
arid colloidal organic contents of the sewage. 

In this manner the turbidity of the effluent 1s significantly reduced 
S0;that It. may be more readily percolated Intothesubspll ofthe 
ground. Thus, the mont importantf unction of a septic tank is to pro- 
vide protection for the absorption ability of the subsoil 

The three functions that take place 1n the tank, then, are: 

Removal of Sol Ids 

Clogging of soil with tank effluent varies directly with the amount 
of suspended solids Iri the liquid. As sewage frpma building sewer 
enters a septic _tgnk, tts rate of flow Is reduced so that larger 
solids sink to the bottom or rise to the surface. These solids 
arc retained In the tank* arid the clarified effluent Is discharged. 



Biological Treatment 



Solids and liquid In the tank are subjected to decomposition by 
bacterial and natural processes. Bacteria present are of a; variety 
called anaerobic vhlrh thrive -in the absence of free oxygen. This 
decprbosltlofi .or tt^trrnt of swage under anaerobic conditions Is 
torrid "septic," the.nsme of ' 1 hrj tank. Sewage which has been 

subjected to svc> treatment cmisfs less clogglnf thlD untreated 
sewage containing t!;r same amount of suspended solids. * 

Sludge arid Scum Storage 

Sludge is an cccuTOlatiori of spUds at the bottom of the tank # 

whSle scum 1s a partially submerged nit pfflpating sol idt that_ 

rrvty forti at th? surfrca nf th* fluid in the tank". Sluc'ge, and 
scum. to a lesser d^rr^r. he digested arid compacted into a_ 
smaller volume, fit. .iVt:\ no r^::?*^ !jow efficient the process Is 
a rtsidual of inert mild rwtwiul will remain. Space muSt be 
provided In. the i*vl % -o t.+6"? : thir. residue during *,he_ Interval be- 
t*s*ri clearilrgs; fctHri^jftff A .siij«Hft and scum will eventually be 
scourH froft the n^i-i rv-y »: Ion the (Msposal field. 



ISaJlasiflO zflt the si^ 4>,--^V^^^ and fgcljltfti tfre separa- 

tion arid digest 1 ci of ': u r finite 5 el ids And provide for periodic in- 
spection and occasional physical r^vnl of accumulated sludge arid 
scum. 



DESIGN 
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The average dally flow of sewage depends on the average water consump- 
tion 1h the area under consideration. In rural areas and small com- 
munities the waterjconsumptlon per person 1s likely to be lower than In 
municipalities. As a result, sewage flows of less than 26 US gal .per 
person per day may be expected, in most rural areas of the world. __How- 
ever, experience Indicates that such low figures cannot be used tor the 
design of smalLseptlc tanks, which sou Id be provided with ample capac- 
ity since such tanks are seldom cleaned before trouble develops. __ It 1s 
therefore Important that their capacity be ample to permit reasonably 
long periods of trouble-free service and to prevent frequent and pro-_ 
gressive damage to the effluent absorption systems due to discharge of 
sludge by the tanks. Fgr thlsreaspn the capacity of residential, sin- 
gle-chambered, septic tanks should not be less than 500 US gal. below 
water-level-. ^ 

The liquid capacities of the septic tanks described in Tables 14 and 15 
are based bh a sewage contribution of: 



50 US gal. per person dally In dwellings; 

25 US gal. per person daily in cmaps; 

17 US gal. per person dally 1n day schools. 



TABLE 1* Requ 
Serv 



Maalmutn 
number 
of £>«r«ong 
• trvtd 



4 
6 
• 

10 

1? 
14 
10 



Nominal 
liquid 

Unit (US gal.) 



fed Capacities for Septic Tanks 
ng Individual Dwellings , 



R,cotrm,nd,d dlmantloni 



width 



Itripth 



500 
600 
730 

tod 

I'M 
1300 
1900 



liquid 
depth 



1 

7 
7 

i 
i 

a 

10 



4©tal 
dtplh 



* Liquid capacity^ bAttd on numbJc of paraoht aarvad In dwelling- Tha votumt btaad on 
total dtpth Includit tpac* •bovt liquid lavil. 

The capacities indicated In Tible 14 should 1n most countries provide 
sufficient sludge-storage space, ftis a peHod of_twq_years v or more, and 
an additional volume equal to the sewage flow for 24 hour*,. 

TABLE 15 BequlredCapacities fo. Septic Tanks \ 
_ zarvini cwpK and 



Maximum _n wmbar 
ot partont ••rvad 



40 

80 
120 
110 
200 
840 
200 
320 



120 
1*0 
240 
900 
910 
420 
400 



Nominal 

- liquid — 
capacity pi 
link <U3 gtK 



1000 
2000 
3000 
4000 
9000 
•000 
7000 
8000 



Raxommtndad dlm tntlont 



In. 



In. 



i 
11 
13 
18 
18 

to 

20 
23 



4 0 

5 0 
5 0 
8 0 
5 0 

i o 

5 8 

5 8 



Nat* • Tihki with cjiiiaelt»f« In •«€•••- o! 8000 gattona •houtd ba dtilgnad lor tha ipetlfi* 
rgJ!^S "«MW ">r * mor. comDlota tyP. of traaf 
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Thecapacl ties shown in_ Table 15 are based on a 24-hbur flow of sewage 
without allowance for si udge?stqrage space, since It if expected that 
septic tariksfervlng camps and schools will receive regular Inspection 
and maintenance, including more frequent cleaning than those for resi- 
dences. 

In the case of public Institutions, such as rural hotels and hospitals, 
and groups of houses , such as housing projects,, thef jgyresfliven in 
Tables may_not_apply._ It will 'Mrst be necessary to secure 

tfre advice of a competent engineer whose duty it will be to determine,, 
tSe probable dally water consumption and sewage flovr, both of which are 
likely tc I be _much_ higher than the figures cited above. Most recent 
information indicates that: 

1. For fVdws_ between 500 gal. and 1500 gal. per day,_ the capacity 
of the septic tank should be equal to at least 1 1/2 days' 
sewage flow. 

2. For flows between 1500 gal. and 10^000 gal, per day,, the min- 
imum effective tank capacity should be 1125 gal. plus 75« of 
the dally sewage flow, or: 

V * 1125 * 0.75 0* where 

V is the net volume of the tank In gallons* and Q 1s the dally 
sewage flow, also 1h gallons. 

T^rks may be of either single- 6r_muU1-cbmpartmeht design., _Tbe_f ingle 
apartment tank Is satisfactory for a wlde range of conditions and 1s 
Ampler arid less expensive to build and maintain, - A two -compartment, 
tank, with the first compartment equal to brie-half to two-thirds _ff the 
total vol ume, provides an opportunity f of ^removing more sol Ids, which 
may be valuable undertlght soil conditions. The compartments may be 
sections of one continuous shell separated by paftitioriSi or separate 
units connected 1ri series. _ Each compartment should be vented and pro- 
vided with irilft_and outlet fittings and access facilities for Inspec- 
tion and cleaning. 

Whether a tank is rectangular, round, or oval has little effect on i . Its 
performance, provided It has the necessary, capacity and other features. 
Rectangular tanks are usually built with thelength two to three times 
the width. It 1s recommended, however that the smallest hoMzqntar 
dimension be at least 2 feet arid that the, liquid depth be between 30 
arid 80 inches, These dimensions should be observed in simile compart- 
ment tank*. About 12 in ches (or about one-fourt h Jthfr__l in»iri rippth) 

Tow line to lllow space for scum accumulatl 



is required a Dove the flow 
arid free passage of gases for venting. 



on 



Tank performance 1s affected by thetype and arrangement of the Inlet 
arid outlet fittings. The Inlet invert (flow line) should be at least 
1 Inch— preferably 3 inches— higher than the Outlet Jiff if t tp^went 
backwater arid stranding of solids In the bouse sewer. Use either tees 
or straight p^e and baffles, arranged as shown In fig. 8&. Provide 
a vertical clearance of at least \an inch for venting purposes between 
the tops of the fittings and theunderside of the tank roof. Sub- 
merged entry 1n a downward direction tends to confine entrance dis- 
turbance and helps mix the incoming sewage with the more biologically 
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active sewage and tludge already In the tank. The Inlet tee or baffle , 
should extend to at least 6 Inches below the surface of the liquid, but 
not deeperthan the outlet device. Depth of submergence of the outlet 
tee or baffle 1s a critical factor Inthe performance of the system^ 
If top shallow, scqm can pass out of the tank with the effluent. If 
too deep* sludge can. scour out. In either case the particles of Ipllds. 
1h the effluent cah_lead_to_ear]y clogging of the soil In the absorption 
area. The Ideal depth for the outlet is at a point of balance between 
the scum and sludge accumulations. Thispblrrt has been. fpund_tp_be at 
a depthbefow the flow line of about 35 to 40 percent of the total liq- 
uid depth. - 

Siphons and dosing chambers are not necessary in ordinary farm instal- 
lations. They are useful , however, in large installationswhere the 
combination of sewage volume and tight soil cohditiohs caTlsfdr more 
than 500 Jinear_ feet of jdjsppsaltile in the absorption field. The 
siphon and chamber serve to accumulate a near-cohtlhubtis ssmall flow 
of effluent and provide an intermittent discharge of a larger volume 
to the absorptiph_field^_ Thls -Ipads the^f ield more uniformly and 
allows some time for- rest and aeration between. discharges. The fre- 
quency and volume of the discharge are controlled by theslzes pflthe 
siphon and the chamber. A 3- or 4-inch liphpn Is .adequate. Capacity 
of the dosing chamber (volume of single discharge) should beabbut 
two-thirds the Interior volume of the disposal tile. Installation 
should be lhaccbrdahce with the manufacturer's Instructions. 



Fig. CO Lor,g1tudlLisl_ibct1bh of single-compartment 
Concrete Septic Tank 

Cons truction Methods For Septic-Tanks _ 



Two cbhstructibri methods for septic tankshave been developed by 
the Agricultural Engineering Department of the South Dakota State 
College Agricultural Experiment Station* Brookings, South Dakota. 

The methods use readily available building materials. One Smthbd 
employs concrete si lb staves, and the tank_is_bu1lt In the form 
of a vertical cylinder. The other u«^s standard concrete blocks 
for arrettangular tank. 
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F1g. 89 Concrete Sjlo S tave Tank 




STEEL, 
BANDS 1 



SECTION THRU CENTER 0F TANK 



Concrete S11o Stave Tank 1 

The construction of both tanks Isslmple and sizes can be adjusted 
to the needs of the ftmlly. One step In the building process his 
to be kept 1h mlridas important.. Both silo staves and concrete 
blocks are of relatively porous concrete* therefore the danger of 
ground water pollution 1s present unless careful waterproofing 1s 
provided. 

This tank is ihthe form of a vertical cycl1hder,_6 feetln Inside 
diameter and 5 feet in depth, with a capacity below the outlet of 
850 gallons (Fig. 89 ). It is suitable for a family of eight. 

Materials: 

12 6-1och cdncreti_s11o_stayes_ • - 

14 ?a ^± neh concrete silo sta v e s 

34 30-inch concrete &i lb staves 

9 sacks cement_ 

1 cubic yard of sand 

1 cubic yard of gravel - 

3 p1ec|spf_l/2-1nch round steel rod, 13 feet 8-1nches long 

for hoops - . --— . — 

3 pieces of l/2-1hch found steel rod, 10 feet 8-inches long 
for hoops 

6 steel silo lugs* 12 outs 

120 feet (45 pounds ) Qf_3/8-1nch_knobbed reinforcing rod 
10 pounds or 1 gallon of waterproofing material 

2 sewer tile tees s 4-1nches in diameter 
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Excavation 

The excayatloh shpyld be_7 1/2 feet 1n dlatneter^ wlth a depth of 
about 7 feet, depending on the depth at which the sewer from the 
house will enter. Dig the sides vertical and level the floor be- 
fore pouring concrete. 



The floor Is poured in two courses. The first course. 4 Inches 
thick, is of concrete mixed 1 part cement* 2 1/2 parts sand, 3 
1/2 parts gravel. _The first course of the flopr should coyer 
the whole bottom of the excavation. The concrete should be 
well worked and carefully levelled to provide a flrnu smooth 
base for placing the staves. .Covering the f]ppr wlth^paper or 
a tarpaulin will make it easier to keep it clean while working 
on the walls.. The pouring of the second course 1s postponed 
until the walls are fully constructed, so that the second layer 
ties floor and wall closely together. 



The walls are made of concrete s1 lb staves 2 1/2 Inches thick* 
10 Inches wide, in lengths of 30 f) 24, and 6 Inches. 

First mark a circle of 3-fbbt radiusbn theflopr tp_serye_a|_| 
guide in placing the staves. The staves are set with the inner 
edge just touching this mark, with 24-Inch and 30-1rich staves 
alternating. When this first tier of stayeshasbeehedmp^ 
a hoop is placed around the outside, 6 inches above the floor* 
and tightened. A tier of 30-1hch staves is how placed upoh the 
top of the_24-1nch_stayes_exc^ inlet and outlet are 

to be where 24-Inch staves should be used. A second hoop is 
placed 3 inches above the top of the 24-1 nch i staves In the flrst 
tier and tighten the second hoop. Mil in the remaining spaces 
with 6^1 nch- staves, leavlngopenings 12 inches high for the in- 
let and outlet fittings. Place the top hoop just below these 
openings, and tighten. 

LiO^t and Outlet FA±ti ngs - ~ 



Gut forms to fit arbund-sewer tile tees and place In. ppsitlpn ih 
the dpen1ngs.__The_outlet tee should be placed at the bottom of 
the 12- Inch opening leftfor it, the Inlet tee 2 inches above the 
bottom of the opening. Fill in the space around theteeswith 
a rather dry mortar, tamping 1t carefully *iake a watertight 
joint around the tee. 

Plastering the walls 



. Apply a 3/8-1hch_cpat of plaster of 1 part cement, 3 parts sand, 
and 1/4 part "eem-mlx 11 after thoroughly wetting the staves. 
Smooth the plaster as much as possible. 



Floor 



Halls 
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Finishing The Floor 

Make sure the floor 1s perfectlyclean, dampen it to obtain a 
good bond, and pour a finish course of 1 part of cement to 3 
parts of sand mortar 1 Inch thick. Slmjoth andlevelthts care- 
fully, being sure to obtain a good joint with the plaster on the 
wails. Allow to cure for seven days or more. 

Waterproofing 

Apply two coats of a waterproofing materialaccprding to Instruc- 
tions on the package. . Waterproofing is ; essential 1n order to 
prevent seepage through the porous staves. 

Cover 

The cover is made of reinforced concrete, slabs, 4 1/2 inches 
tJrck and 8 inches wide, of varying lengths as shbwrMn F1^. 90. 

Fig. 90 Cover slab for septic tank 



Mixture for slabs 




Mix 1 part cement, 2 1/2 parts of sand, and- 3 lV2 parts of gravel 
or crushed stone to a smooth consistency in order toget a^good 
bond between the concrete and the reinforcing roo^ Each^slabjs 
reinforced wlth two 3/8-Inch knobbed Steel rods* sMced l lncn 
from the bottom and 2 inches from the sides. The rods should be 
placed at both ends of the slab. 

These slabs may be made 1n forms of 2-1nch by 6-1ntfb lumber, placed 
on asphalt paper on any flat surface. Keep the slabs moist and 
alio* to cure for at least three days before moving them. 
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Concrete Block Tank 




Thiltank 1s fectangulaf ln shape, 7_feet_4 1nche|_]dng i _2_feet 
8 Inches wide, and 4 feet 8 Inches deep (Inside measurements) 
with a fluid capacity of 55D gallons (Flg.gi }. 

Materials 

119 standard concrete blocks (8 Inches by 8 Inches by 16 Inches) 
15 sacks of cement _ ^ 

1 172 cubic yards of sand 

3 3/4 cubic yards of gravel 
90 ft. of 3/8-1ncB reinforced rod 

2 4-1nch Ifwer tllitfis 

110 pounds or 1 gallon of watei^rooflngLjMier-1aLl — 



Excavation 

The excavation s hbu 1 d be made 9 fee t~4 1 nc hes 1 ong * 4 feet 8 1 nches 
wide, and about 6 feet 9 inches deep, depending on the level at u 
which the sewer will enter., Dig the sides vertical, and level 
the bottom before pouring. 

Floor 

The floor 1s poured in the same way as for the silo stave tank* 
Walls 

The wail I are buil t of stlndart concrete blpck laid _uB_w1th ji»rtar 
insisting of 1 part cement, 3 parts sand, and 1/4 part lime or 
"Gem-mix* " The corners should be kept square and plumb by use of 
a straight edge or level. 
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Tp add strength to the walls, be- sure the joints are staggered 
between adjacentcourses* and fill the cores of thf blpckswlth 
concrete (1:2 1/2:4 mix). Cut openings 1n the block for Inlet 
and outl et f 1 tt1 ngs . 

Plastering and Waterproof 1ng ~" * — — 

follow the Instructions given for plasterlng and waterproofing 
the silo stavetanfc. Both silo staves and: concrete blocks are 
relatively porous concrete which will allow. the passage of 
liquids and contaminating material .. Proper waterproofing 1s 
essential to reduce the danger of ground water pollution. 



Cover 

Make precast slabs 4 feet long* 12 inches wide, and 41/2 Inches 
thifck, using twb_3/8 Inch reinforcing rods. Follow the Ins true- 
t1pns_g1ven for the silo stave tank. Eight slabs will be re- 
quired. 



Size of tanks 

Both tanks _ma£_be made larger if required (see Table 16 
bslow) . Add more staves to the silo stave tank to increase the 
v'ze. * lercer exclvaticn and Iqrcer rods will be required, 
The concrete block tank may be enlarged by using one more block 
in each course at the ends* resulting in a width of 4 feet In- 
side* and a capacity of 845_ga]lpns._A_tank^ be 
large enough for a family of eight, or a smaller family that has 
methods of construction would be the same, but more materials 
Woul d b#_required 4 and the size of excavation, length of cover 
slabs, etc;, would be increased. 



Tanks should not b e made_ smaller ^thanJessribeiL-— J?^^ 
the^ta¥e--tafricT^nttTe: saving wmld resul t, whereas the 550 gal - 
Ion concrete block tank is little larger than the recommended 
minimum^of 500 gallons. 

TABLE 16\CAPACITIES, DIMENSIONS ANO MATERIALS FOR SEPTIC TANKS 



H.»Wr 



Liquid 
Ct,»«iir» 
Cillim 



T.ul 

burnt!** iMnli _t*J!*_ 
(Utite) Ottth <l«tl4t> 



BUILT OF CONCRETE 
SILO STAVES 



BUILT OF CONCRETE 
BLOCK 



8 or^esi . 

id _i ... 

- - \^ 


850 6' 0" 

1050 6* 10" t 

_ 1220 T JF_ 


4' 
4' 
4' 


5' 
5' 
5' 


12 
13 
14 


14 34 

15 37 
W 40 


3-13' 8", S-IO' 8" 
3-13' 8". 3-12' I* 
S-IS'S". 3-14*0* 


N.mbct ml * 


V Liquid Capttiiy 

|MM- -C*Ul»BI 


L*A|th 




Wntik 
(lailrW) 


win* ^ 




4 or less 


.A.....:..;: sao 


n- 




2' 8 " 


.to" 


i'ir iiii 




cwi * 


r y 




a* a" 


«■ ii* 


4* 8" jl-lj 


8 


8!o 






4* 0" 


:r !)" 


4' H* UU\ 


10 


X. 95b 

■— : : A-11S() 


r a* 
rs" 




4 b" 

4' 0" 


4' 5" 
4' &* 


5' 4" 152 
5' 4" 168 


N.tf» A tumcwhJi |ifjt»r qiuriih? at untt, cemtnt, 
bfgrr thin Ihuw dcKrifecd »• iHe icti. 


fr««tl and witc»pr«ttfihf mjirfial will be ftijuinril I«h tJnfct 



Note: Ifie foregoing material was digested from New Construction 
Methods for Septic Tanks and Clstcrns-p-by T.R.C. Rbkcby, 
Circular 99, March 19^3, Agricultural Engineering Uept,, 
AjjHcuTtural Experimentvstation, South Dakota State College* 
Brookings, South Dakota \ 
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OPERATJON AND MAINTENANCE V 

A newly built septic tank should be filled with water up. to thejoutlet level 
and then seeded with several. buckets of ripe .sludge. Although most design 
recommendations call for desludging about every two years^ It is suggested 
that private installations be examined at least once a year and septic tanks 
serving public Institutions be examined every six months. The Inspection, 
should be directed towards the determination of: 

(a) the distance from the bottom of scum to bottom of outlet* (scum 
clear space) 

(bj the depth of accumulation of sludge over tank bottom. 

Sludge may be balled but by means of a long-handled* dipper- type bucket, or 
pumped out by a specially egulpped cesspool-emptying vehicle. _It_is impor- 
tant to recall that the scum and sludge renoved- from ordinary septic tanks 
will noraally, contain some portion which ir. still offensive and dangerous 
to health. It 1s» therefore, wise to compost these materials before using 
them as a crop fertilizer. 

, THE DISPOSAL OF EFFLUENT 

In ruralareas and small communities* the choice of methods available 
for treating and disposing of the effluent is usually limited to di- 
.lutlon? seepage pits, subsurface irrigation* filter trenches* sand 
filters, , pr trickling filters. Here the discussion will be confined 
to subsurface irrigation systems and seepage pits. 

THE EFFLUENT SEWER ■ * 

•- * • 

The effluent sewer conyeys--the effTuerit~frbm the septic tank to the 
absprption^ffdTfposal area and I may be constructed of the same mater- 
ials and in the same manner as the house sewer A Joints should be 
tight and robt-prbof. A 4-inch line to a slope of 1/8 or 1/4 inch 
per foet 1s recommended. 



.SUBSURFACE IRRIGATION SYSTEMS 

Disposal L1nes_ - 

The effluent is discharged to- the soil through a system of open- 
pointed or perforated disposal tile or pipelines laid in absorp- 
tion trenches or beds having a total bottom aria as determined ; 
from table . Dlvidingthis bottom area by the effective ab- 
sorption area in square feet per lineal fobtt fromtable gives 

the total length required, in feet. Lateral seepage is neglec- 
ted. 

Proper design and careful workmanship are important to successful 
operation of the system. Arrangement of the lines varies. with the 
absorption area required and the topography of the available ter- 
rain. • . . ' j 

* The scum-clear space should not be less than 3 in. and the total, 
depth of scum and sludoe accumulations should not he more than 
20 In. 

1 • 
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Four-inch open-jointed agricultural tile or perforated drain piPf 
is customarily used, individual lines should, hot .exceed 100 feet 
in length and should be laid bh a flat grade, never • si oping rflo re 
than 6 inches per 100 feet. All lines should be about the same 
length. - 

The preferred depth for an absorption trench (allowing for a gravel 
bed) is from 24 to 30 inches. However * depths from 18 to 36 Inches 
may be used if it 1s necessary to clear high ground-water, maintain 
grade, allow for an extra deep gravel bed, or to meet some other 
special condition. If 1t is necessary to go deeper than 36 Inches, 
the deeper portions should be confined to short stretches ^ totaling 
only a small percentage of the field as a whole. As Previously 
stated, the trench bottom should be at least 4 feet above the high- 
est seasonal ground-water level, the top of any rock formations or 
Impervious stratum. 

Trench width should be from 18 to 24 Inches, although. widths up to 
36 Inches may be used 1n the deeper trenches. Rider trenches call 
for wider spacing between trenches , as Indicated In table 

Table] 7Absorption trench area and spacing 



Trench width (Inches) 


, \ Effective 
absorptlbn 
area 


Minimum 
clear 
31 stance 

betwllfl 
trenches 




Square feet 
per lineal 
foot of 
trench 

-1.5 
2.0 
2.5 
3.0 


Feet 

6.0 
6.5 
7.0 
7.5 



The tile or pipe should be laid In a bed of clean gravel* crushed 
or broken stone, or similar material. The gravel bed should ex- 
pend from at least. 6 inches below the bottom of the Hue to av 
least 2 inches above the top. The bed material may range in size 
from 1/2 to 2 1/2 Inches. Cinders, broken shells, slag, and simi- 
lar materials are not recommended because they are usually too 
fine and may cause clogging. About 1/8 to 1/4 Inch jqin| sp|ce 
should be allowed- between sections 1f agricultural tile^is Jisefl; 
The upper half of this joint Space should be, covered with tar .pi- 
per or s'mllar material to keep out fine material from above. A 
cover of untreated building paper," straw, hay, pine needles, or 
similar 'pervious material should be placed- over the bed material o 
to keep out particles of the earth backfill. Impervious material 
should not be used for this covering as it would interfere with 
the action of the trench. 




Fig. 93 Serial distribution system arrangement fort sloping ground. 

, ' I- 




\ 



-233- 



If it Is necessary to locate a disposal line within reach of __ 
the roots of trees ^ brshrubSi deepen thegrayel bed inthf affec- 
ted area by about 12 to 18 Inches, keeping the line itself level, 
thisprovides extra space between the moist trenchbottom and 
the line arid may keep the roots from entering the line. 



Exercisecare during construction to preserve the natural absorp- 
tive quality of the soil . Prbtfct the tr|nch_frbm liltarid d?r__ 
brls while open; Avoid unnecessary walking in the trench. Place 
gravel or_stohe carefully and tamp backfill lightly with a hand, 
tamper, Do hbtffiachlne-tampahd db_npt use a hydfau11c_backf111 . 
Overfill the trench about 4 to 6 Inches to allow for settling. 



Closed or Continuous System 



In flat locations, where the slope of the ground surface does 
ribtexceed 6 1riches_1n any direction within the area of the 
absorption field, the disposal line's may be arranged in a closed 
or continuous system as shown in figure 92 . In this system* 

open-jointed til e_br perforated pipe is used throughout the 

field. It is laid on a flaS grade and the entire trench length 
is counted in the ef fective/ absorption area. _ Becausebfiheflat 
grade and interconnecting lines, the effluent will distribute 
satisfactorily without a distribution box. 

Sertai- Distribution Systen/ 

SerialdistMbutlbnbfeffl^^ 

all situations where soil conditions permit subsurface absorp- 
tion and where the slope of the ground surf ace exceeds 6 inches 
in any dlrectlbriwi thlntheconflhesb field. 
Excessively steep slopes that are subject to. erosion should be 

avoided. In the serial distribution systenw'the Individual 

trenches_bf_th4_absprpt1on field are arranged so that each trench 
Is forced to pond to the full depth of the gravelf ill before the 
effluent flows into the succeeding trench. (See Fig. 93 ) 

Advantages of this system are: (1) It minimizes the importance 
of variable abspVptibh rates_1n_diffefent_parts_of the field by 
forcing each trench tjb absorb effluent until its ultimate capac- 
ity is utilized; (2) it causes each trench in the system to be 
used to full capacity before failure occurs; and (3) it elimi- 



nates the cost of 
pipe from the box 

The following desigV 



distribution bo* and the runs of tight-jointed 
the absorption trenches. 

and construction features should be observed 



for satisfactory operation/ of this system: 



1 . Individual trenc^ bottoms and disposal lines should be level , 
following contours to minimize variation in trench depth. 

2. A minimum of, 12 litocHes of earth should cover the gravel fill 
in the trenches. \ 
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3, A minimum of 6 fe|t bfundlsturbed earth should be allowed 
b|tw|en adjacent trenches, and between the septic tank and 
the nearest trench. 

4 Overflow lines should connect the trenches Iri such a maHner 
that a. trench will be filled with effluent to the depth of 
the gravel beforethe effluent flows to the next lower trench, 
this may be done as shown In. figure.. • by having the Invert 
of the p ;overflow Hhe at the top of the gravel fill. 

i ......... 

5. The overflow lines shouldbe 4-1 hch diameter tight-iolnted 
sewers, connecting directly. to the distribution lines 1n the 
trenches. _The_trench for an overflow line* at the point, 
where It leaves an absorption trehchjshpyldbedugno deeper 
than the top of the gravel fill 1n the absorption trench. 

6. The outlet (overflow) from a given absorption trench should 
be as far as prlctical from the Inlet to that trench in order 
to prevent short-circuiting of the effluent. 

7. The Invert pf_th| first overflow line should be at least 4 
Inches lower than the invert of the septic tank outlet. 

8. All other features should match those for subsurface absorp- 
tion fields generally. 

Distribution Box 

Experience has shown thatjdlstributlon boxes and similar devices 
seldom achilve the uniform distribution of effluent that is_ ex- 
pected, of them. Effluent distribution by the continuous or ser- 
ial distribution systpis gives as good results or better* and 
generally at les^cost. 

If a distribution box is used, the following essential design 
features should be observed: 

1 All outlets must be set at exactly the same level— about 4 
to 5 inches above the bottom is recommended. This gives 
space for carryover sludge toaccumulate and\be detected by 
Inspection. Italso serves in lieu of a baffl* to prevent 
short-circuiting and thus aid in obtaining equ*^ distribu- 
tion of the effluent. 

2. A separate outlet is needed for |ach_ line of tlle;>djacent 
outlets should be separated by at least a full pipe diameter. 

3. The inlet should be about 2 inches higher than the outlets^ 

4. A watertight, removable cover should be provided for access. 

If a box is to serve an absorption field in which it is desired 
to "work" and "rest" certain lines alternately or in rotation, 
because of tight soil conditions or other reason, facilities 



should be provided 1n the box for opening and closing the cor* 
responding put! ets A Alsp» 1f there Is prospect of future need 
for more lines from the box» additional outlets may be provided 
at the time of construction and fitted with plugs that can be 
readily removed when the need develops. More than one box 
may be used If the ground slope warrants. 

Fig. 94 Illustrates a distribution box such as used on farms In 
the U.S. 



Fig. 94 Typical Distribution Box 



Removable cover to be ^ 
reasonably water tight \ 



Inlet 2*o5ovc haJtomaLtdhk — 
Outlet* even with bottom of tank 




&iug. forfohjrm 
disposal lints 




Box length coin vary to pnyvfde Space 
for number of outlets netdea*. 
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WATER-CAKRIED SEWAGE SYSTEMS 
CONSTRUCTION AND HATNTESANCE 
LESSON NO. i 

LESSON OBJECTIVE: Outline the factors that must be considered 
in designing a water-carried sewage systems. 



TOPIC 



System Location 



The rercolation 

Test 



Selec tion of 
Disposal System 



ERLC 



INSTRUCTIONAL PROCEDURE 

Outline, the factors that must be considered 
in the location of water-carried sewage 
systems. 

Demonstrate digging a test hole with a hand 
held auger. 

Supervise students in digging test holes for 
a percolation test. 

Conduct a percolation test; 

Review the factors that must be considered 
in determining the type of facility to be 
implemented. 
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SUPPLEWEH-TAL-WATERIAtS 
RELATED READING - 



water-carried sewage systems 
construction amd maintenance 
lessor no. 2 



LESSON OBJECTIVE: set up and carry out a program to construct 
a water-carried sewage system. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUPPLEMENTAL -MATE RIALS 
RELATED REAPING 



The Components of 
Water-Carried 
Disposal Systems 



.on, Selection 



Construction 
Techniques 



Discuss the functions of the fundamental 
components of the seepage pit, cesspool 
and septic tank 



Illustrate the -rat components for 

these system*- 

Outline the *e of construction 

for these sy 

Assemble students iu .select the most 
feasible locations t of these systems ir. a 
rural or village community i 

Outline construction methods for septic tanks. 

Set up a program (allocate construct! on tasks 
to the students) for the construction of a 
septic tank. 



Diagrams of these 
systems 

WHO Monograph Series #39 
Chapter 3* 

Manual of Septic Tank 
Practice i p. 9-38* 



Constructing a Concrete 



Septic Tank (Technical 
Digest Survey) 



Supervise students in the construction of 
this septic tank. 
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WATER-C ARRIED SEWAGE SYSTEMS 
CONSTRUCTION AND MAINTENANCE 
LESSON NO. 3 

LESSON OBJECTIVE- Define the need for end the methods of establishing 
a maintenance program for this system. 



TOPIC 



INSTRUCTIONAL PROCEDURE 



SUP PLE MENTAL MATERIALS 
RELATED READING 



iort 



Rulej S or 
Efficient Opernt 
siid Maintenance of 
Septic Tank 
Systems 



T h ® Need for 
Simplifying 
lechnical Mater- 
ials 



Discuss the heed for septic tank inspection. 

Recall how often inspection should be 
carried but and what it should establish. 

Discuss how to maintain a septic tank. 

Visit a site where a septic tank is being 
desludged. 



Discuss the difficulty of finding skilled 
labor in developing countries. 



Outline how to simplify instructional 
materials. 



WHpMonograph Series 
Chapter 9 
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APPENDIX A 

The chart converts pounds and oucces to kilograms and gfamsof y1ce_yersa. 
For weights. greater, than ten pounds, or more accurate results, the tables 
or conversion equations must be used. 

Notice that there areslxteen divisions for each pound on the chart to 
represent ounces. There are only 100 divisions In the first kilogram, 
and each division represents ten grams. The chart 1s accurate to about 
plus or minus twenty grams. 

EQUATIONS 

1 oz. » 28.35 g; 

1 lb. » 0.4536 kg. 

1 g. « 0.03527 02. 

1 kg. = 2.205 lb. 



KlIX)ORAM9 IKTO rOUKM 

(1 kg. - 2.20463 lb. j 



0 
10 
20 
30 
40 
60 
60 
70 
80 
90 



W*. -2 
22.03 24 
44.00 46 
66.141 6H 
88.19) 90 
110.23 112 
132. 28' 134 
154.32, 156 
176.37j 178 
19842 200 



4 

26 
48 
70 
92 
f 14 
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158 
180 
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61 8 
66 30 
71 52 
75 74 
SO 9? 
64| 116.85! 119 
601 141 
94l 163 
98! 185 
03 207 



6. 
28. 
50. 
72. 
04. 



82| U 
86 33 



73i 160. 
78; 162. 
83:205.' 

l 



91 55, 
96 77. 
00 99 
05 121 
10 143 
14 165 
19 187 
24j209 



02 13. 
07 35. 



57 
78 
101 
123 
145 
167 
189 
211 



I 

JKlJ is 
27 37 
32 59 
37 -81 
41 103 
46 125 



.64 

.68 
.73 
.78 



147 
169 



6CK191 
64 213 



62 105 
66127 
71149 
76 171 
60:194 
85216 



19.84 
41.89 
63.93 
-.85.98 
82108.03 
87il30.07 
911152.12 
.96174.17 
Ot:i96.21 
05218.26 



POtrWOS INTO U.WOOKAUM 

\\ lb. - 0.45369 kg.) 



lb. 



0 
10 
20 
30 
40 
50 
CO 
70 
80 
90 



4.530 
9.072 

i.l.cm, 

18.144) 
22.680, 
27.216 
31.751 
36.287 
40.823 



0.454 1 
4.MK) 
jj.525 
14.061 
1H.597 
23.133 
27.n_6f» 
32.205 
36.74* 
41.2771 



0.907 
5.443 



1. 



9.S79 
14.515 
19.051 
23.587 
28.123 
32.659) 33 
37.1951 37 
4l.730j42 
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433 
969 
504 
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U? 

648 



184 42 



614 2 
350 8 
686 11 
422 15 
958 20 
,494 24 
030 29 
,566 34 
102 38 
638 43 



266 
804 
340 
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.412 
948 
,484 
019 
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091 



722 
257 
793 
329 
865 
401 
937 
473 
009 
645 



175 
711 
247 
783 



629 
165 
701 



_! M 

31021 
855 28 
391 30 
027.35 
463 39 
998 44 



4.082 
8.618 
13.154 
237.17.690 
772122.228 
308126.762 
844 31.298 
38035.834 
916 40.370 
452 44.906 
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APPENDIX B 

This fbldbut chart 1s useful ^pr_quick_cOhvers1on from meters and centi- 
meters tofeet and Inches or vice-versa. For distances greater than three 
meters, or more accurate results* the tables or conversions equations must 
be used. 

The chart {page ) has metric division of one_c|ntlH*tef\td_thre^ 
and English graduations In Inches and feet to ten feet. It Is accurate to 
about plus or minus one centimeter. Folding out the chart makes a handy 
reference when studying other drawings 1h the Handbook. 

For more accurate results the tables belowl 

Ah exampie_n«y_h^ this type of table. Suppose you 

wish to find how many Inches are equal to 66 cm. On the cm* to In. table 
look down the leftmost column to 60 cm.* and thenHght to the column 
headed 6 cm. This gives the result, 25.984 Inches. 



IxCHBa INTO CKKTIHTTTM 

(I in. — 2:539977 cm.) 





• 


1 


I- 

2 1 3 


4 


5 | * 


7 


• 


• 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 


em. 
25.40 
50.80 
76.20 
101.90 
127.00 
152.40 
117. 80 
203.20 
228.60 


2.54 
27.94 
53.34 
78.74 
104.14 
129.54 
154.94 
180.34 
205.74 
231.14 


5. de| 7.62 
30.48 53.02 
55.88) 58:42 
81.28! '83.82 
106.68 109.22 
132.08 134.62 
157.48 160.02 
182.88 185.42 
208.28! 210.82 

233.68! 236.22 

... 1 


It. 16 
35.56 
60.96 
86.38 
111.78 
137.16 
162.56 
187.96 
213.36 
238.76 


12.70 
38. iq 
63.50 
88.90 
114.30 
139.70 
165 10 
190.50 
215.90 
241.30 


15.24 
40.64 
66.04 
91.44 
116.84 
142.24 
167.64 
193.04 
218.44 

243:84 

1 


17.78 
43.18 
68.68 
93.98 
119.38 
144.78 
170.18 
195:58 
220.98 
246.38 


20.32 
45.72 
71.12 
96.52 
121.92 
147.32 
172.72 
198.12 
223.52 
248.92 


22.86 
48.26 
73.66 
99.06 
124.46 
149.86 
175.26 
200.66 
226.06 
251.46 


CXNTH0CTKRS INTO INCHES 

(1 cm. » 6.3937 in.) 


cm. 


0 


i 


t 


3 


< 


a 


6 


7 


• 


9 


0 
10 
20 
30 
40 
50 
60 
70 
80 
90 


inch** 

3.937 
7.874 
11.811 
15.-748 
19.685 
23.622 
27.559 
31.496 
35.433 


0.394 
4.331 
8.268 
12.205 
16.142 
20.079 
24.016 
27.953 
31.090 
35.827 


0.787 
4.724 
8.661 
12.598 
ltf.535 
20.472 
24.409 
28.346 
32.283 
38.220 


1.181 
5.118 
9.055 
12.992 
16.929 
20.866 
24.803 
28.740 
32.677 
36.614 


1.575 
6.512 
9.449 
13.386 
17.323 
21.260 
25.197 
29.134 
33.071 
37.008 


1.969 
6.906 
9.843 
13-780 
17.717 
21.664 
25.591 
29.523 
33.446 
37.402 


2.362 
6.299 
10.236 
14.173 
18. lid 
22.047 
25.984 
29.921 
33.858 
37.795 


2.756 
6.693 
10.630 
14.667 
18.504 
22.441 
26.378 
30.316 
34.252 
38.189 


3.150 
7.087 
11.024 
14.961 
18.898 
22.835 
26.772 
30.709 
34.646 
38.583 


3.543 
7.480 
11.417 
15.354 
19.291 
23.228 
27.165 
31.102 
35.039 
38.976 
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* EQUATIONS 

1 inche* ^54_cm, 

1 foot = 30.48 cm. 

= 0.3048 m. 

1 yard * 91 ^44 cm. 

= 0.9144 m. 

1 mile s 1 .6. km. 

1 cm. * 6.3937 in. 
1 m.' ■ 39.37 In. 

« 3.28 ft. 
1 km. « 0.62137 mile 
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